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Z out = 50 ohms 


360 ohms 
1,=10 ma 
TEMPERATURE = 25°C —l2 volts 


‘TYPICAL NON-SATURATED LOGIC SWITCHING CIRCUIT 


+ 1.5 volts 
INPUT 


-1.5 volts -1.5 volts 


t+—— 36 mysec 
Vc 

+ (2 volts 
10% 


OUTPUT 


90% 


tq = 8 mypsec ty2= 7 mypsec 
t, = 5 mysec ty, = 5 mypsec 
tp=tg +t, + tgatt, = 25 mysec 


TOTAL SWITCHING TIME NON-SATURATED CIRCUIT 


+ Il volts 
TYPICAL SWITCHING TIME 
tae 


+ 9 volis 


Temperature: 25°C 
Collector Current : 10 ma 


W=120 mysec 

S = 200 mysec 

A,= 3. to 6 volts min 

Gen:Double pulse generator 
out = 


ohms 
Terminated with 50 ohms 
Ag 6 to 8 volts 


200 ppt 
tn INPUT 


TYPICAL CIRCUITRY FOR OBTAINING 5-MC REP RATE 
IN SATURATED FLIP-FLOP 


© OUTPUT 2 
O-45¥ 


—l.3v 


Temperature : 25°C 
Input Pulse Spacing: 40 mysec 


160 ohms 


TYPICAL CIRCUITRY FOR OBTAINING 25-MC REP RATE 
IN NON-SATURATED FLIP-FLOP 


TO-18 PACKAGED 
DIFFUSED-BASE “MES 
TRANSISTORS 


i Now available for your evaluat 
actual sé} the subminiature 2N702 is bu 
specifically for your 5-20 ma transistor lo 
switching applications. 

This newest addition to TI’s line of diffus 
base ‘mesa’ transistors features... 


@ Guaranteed dc beta of 15 to 45 

@ 50 mc minimum unity beta frequency ' 
@ Maximum 12 yyf output capacitance 
@® Subminiature 10-18 package 


As do all other TI semiconductors, the 2N7 
carries a full-year guarantee to publist 
specifications. Check the specs at right a 
contact your nearest authorized TI distr 
utor or your TI sales office for detai. 
information. 


CN. TEXA 


i i] , i 
TN UL : Nn all 


FROM THE WORLD'S LARGEST SEMICONDUCTOR PL 


25 musec 


SWITCHERS FROM TH 


Actual photo of collector wave form as 
shown on traveling-wave oscilloscope 


labsolute maximum ratings (25°C) 


Uonecior Vonage Kelerred 10 GaSe a a ee 
Done yotave Referred to Emiliek os a ee 8 | 
Euiiiier vouace Releried 10 Base: dg ee a a es ere SY i 
Collector Current. . . ee ue i a 0 eR i 
i Dissipation (100°C Free Air Derate 0 5eC / miviy er Seek too mw n 
design characteristics at 25°C (except as indicated) } 
Symbol Characteristic Test Conditions Min Typ Max Unit m 
lego Collector Cutoff Current Vop= l0v, Ip =0 0.5 ya 
lego @ 150°C Vep= l0v, Ip=0 50 ya 7 
| BVcgo Breakdown Voltage lego = 10 ua, Ip = 0 20 y | 
| BV ceo Breakdown Voltage lceo = 10 pa, Ip = 0 15 v 
| pe « DC Beta Vep=5Vv,lo= 10 ma 15 45 
| BVego Breakdown Voltage lp = 10a, Ip = 0 2 V 
Veer Input Voltage Vep=5v,le=10ma 0.7 1.2 V 
Cob Output Capacitance Vep= SV, ie=0 7 12 uf 
f= 1mc 
: ft Frequency at which Vop= 5, lp = 10 ma 50 100 mc 
hge is unity 
Vog« (Sat) Saturation Voltage ic = 10 ma, lg = 2 ma 0.6 V 
* Tested using pulse measurement. NOTE: These units meet JEDEC outline TO-18 dimensions. A drawing of this package is attached. 


INSTRUMENTS 


INCORPORATED Write on your company letterhead 
SEMICONDUCTOR —- COMPONENTS DIVISION describing your application for 


13500 N. CENTRAL EXPRESSWAY nt: 3 
POST OFFICE BOX 312 +» DALLAS, TEXAS specific details on TI products. 
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Army 2N416 
Army 2N417 


‘Army 2N464 


. Army 2N465 


Army 2N466 


Army 2N467 


All types available now in production quantities. 


84 


Service 


Computer 
Computer 

Computer 

_ Computer 

Computer 


RE GP. 
RE, GP. 
Audio, G.P. 
Audio, G.P, 
Audio, G.P. 
Audio, G.P. 


= 1mA.Vce =0.25V tle 


Ly 
_ 


_ Specification 
MIL-T-19500/ 


20 (USAF) 


414A Gig. C.) 


42A (Sig. C.) 
438 (Sig. C.) 


_ A4A (Sig. C.) 


56A (Sig. C. 


57A Gig. C.) 
49B (Sig. C.) 
50A (Sig. C.) 


‘SIA (Sig. C.) 


52B (Sig. C.) 


FOR MILITARY SERVICE 


RAYTHEON SILICON Diffused Junction RECTIFIERS 


ye 


ImA, Vex = 6V, f = 1000 cps. 


Write for Data Sheets. 


RAYTHEON MANUFACTURING CO. 


New York, Plaza 9-3900 


Baltimore, S 


SILICON AND GERMANIUM CPIODES AND TRANSISTORS .- 
° Boston, Hllicrest 4.6700 ° 


Outhfield 1-1237 ° 
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SILICON RECTIFIERS + CIRCUIT-PAKS 


Chicago, NAtiona! 5-4000 e 
Cieveland, Winton 1-7716 ° 


Los Angeles, NOrmandy 5-4221 
Kansas City, Plaza 3-5330 
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MERCK HAS 
ALL FOUR FORMS OF 


ilicon 


IN PRODUCTION QUANTITIES 


For additional information on specific applica- 
tions and processes, write Merck & Co., Inc., 
Electronic Chemicals Division, Department 
ES-5, Rahway, New Jersey. 


ULTRA-PURE \ ee 
ilicon —a product of MERCK 


MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone single 
crystals of high quality at low costs. Yields of usable material are reported to 
be especially high when device diffusion technics are used with these 
crystals. Float zone single crystals doped either “p” or “‘n” type with resis- 
tivities from 3 to 300 ohm cm. any range plus or minus 25% and a minimum 
lifetime of 100 microseconds are available in diameters of 18 to 20 mm., and 
random lengths of 2 to 10 inches. 


NOTE: Doped single crystals in other diameters, resistivities, or lifetimes not listed above can be 
furnished as specials. 


MERCK HIGH RESISTIVITY “P” TYPE SINGLE CRYSTAL SILICON—offers float 
zone single crystals of a quality unobtainable by other methods. Available 


with minimum resistivity of 1000 ohm cm. “‘p” type and a minimum lifetime 
of 200 microseconds, diameter 18 to 20 mm., random lengths 2 to 10 inches. 


MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in 
quartz, so that no contamination from this source is possible. Merck guar- 
antees that single crystals drawn from these billets will yield resistivities over 
50 ohm cm. for “‘n” type material and over 100 ohm cm. for “‘p” type ma- 
terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS— are ready for zone melting as received... 
are ideal for users with float zone melting equipment. Merck polycrystalline 
rods are available in lengths of 84 to 10% inches and in diameters of 18 
to 20 mm. Smaller diameters can be furnished on special order. In float zone 
refining one can obtain from this material single crystals with a minimum 
resistivity of 1000 ohm cm. “‘p” type with minimum lifetime of 200 micro- 
seconds or the material can be doped by user to his specifications. 


© Merck & Co., Inc. 


BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS 


4 


Circle No. 6 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e JUNE 1959 


HUGHES GERMANIUM DIODES 


first of all for reliability. 


Typical performance levels: @ 25°C. unless otherwise stated ; , 
YE P : high forward conductance, low reverse leakage and high peak 
Forward Current a y Maximum Inverse 5 o ten) 


@ +1V Voltage inverse voltage. They are fusion sealed in a subminiature one- 
(mA min.) (Volts) ) J 


£ 
(yA max.) 
1N270 200 100 @ —50V : . : 
i276 ap 100 @ —SO0V damage or contamination. 
100 @ —10V* 
1N277 100 250 @ —50V* 2! Under varied and severe environmental and operating condi- 
75 @ —10V* " a 5 eats ‘ 
*Measured @ 75°C. tions, Hughes Gold Bonded diodes exhibit outstanding perform- 


Hughes gold bonded diodes exhibit fast recovery together with 
Ww 


piece glass envelope. This assures you complete isolation from 


ance. You can be assured of reliable performance, since Hughes 
For additional information write: Hughes Products, 
Marketing Dept.—Semiconductors, International : ; ; ae ; =x 
Airport Station, Los Angeles 45, California. vibration resistance ...thermal stability. ..electrical stability. 


diodes exhibit the following characteristics: shock resistance... 


Creating a new world with ELECTRONICS 


HUGHES PRODUCTS 


| 


© 1959, HUGHES AIRCRAFT COMPANY 


SEMICONDUCTOR DEVICES + STORAGE AND MICROWAVE TUBES + CRYSTAL FILTERS + OSCILLOSCOPES + RELAYS + SWITCHES «+ INDUSTRIAL CONTROL SYSTEMS 
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HOW TO GET YOUR SHARE 
OF THE 6% BILLION DOLLAR 
MISSILE MARKET 


And now there’s a comprehensive, understand- 


During the coming year only 500 American 


companies will slice up the government’s 6% able ‘‘how to’ GUIDE to help you get missile 
billion dollar missile development budget ! business—even if you’ve never sold to the gov- 

Yet it is estimated that more than 100,000 ernment before! The Technical Education and 
companies, making almost as many different Management, Inc. division of Cowan Publishing 
products, qualify as suppliers to the missile Corp. spent more than two years compiling the 
program. Yours may be one of them. data for this book, THE MISSILE MANUAL AND 

The government, anxious to increase the num- GUIDE. It tells exactly what the government 
ber of companies supplying missile development needs— paste, paper clips, paints, potentio- 
products and services, has ordered all procure- meters, piping, and many thousands of other 
ment agencies to encourage bids from every products—how to qualify, how to make up and 
possible contractor, subcontractor or supplier. submit proposals, how to bid and estimate, how 
In other words, this 6% billion dollar market is to make up a facilities brochure, how to get 
wide open! government financing...and much, much more. 


NN | 


We have prepared a fast-reading digest 
of the MANUAL entitled ‘‘Getting Your 
Share of the Expanding Missile Market’. 
It will tell you just what’s in the MANUAL 
and how to get a copy. To get the 
digest, without cost or obligation, just 
return the coupon below. 
This is your company’s golden 
opportunity to break into the only 
major industrial market that is still 
unsaturated and growing every 
year. You can’t afford to ignore it, 
so mail this coupon today ! 


COWAN PUBLISHING CORP. 300 W. 43rd St., New York 36 


Please send me a FREE copy of “Getting Your Share of 
the Expanding Missile Market”. 


Name Position 
Company 
City State 
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Minute instruments in the nose cones of American 
space explorers record vital phenomena beyond the pull 
of earth’s gravity. The phenomena: the unknowns of 
outer space including bands of radiation, cosmic rays, 
temperatures, etc. The data recorders: complex elec- 
tronic devices packed with transistors, diodes, rectifiers 
and other subminiature signal transmitters. 

It wasn’t possible ten years ago. It wouldn’t be 


is - 


i 


absolutely 


* 


@ 


+ 
essential... 
e A a » 
rie b ; ye 
a ae ® 2 
e . 
i oe ©? 
% 


SILICON 


(ultra-high-purity) 


possible today if it weren’t for ultra-high-purity 
silicon. Purity such as is produced by the Pechiney 
process used in the manufacture of Grace Silicon. 

May we suggest that wherever silicon of top quality 
is required—for semiconductor devices in research, 
military, industrial and entertainment uses—call or 
write GRACE ELECTRONIC CHEMICALS, INc., PL 2-7699, 
101 N. Charles Street in Baltimore. 


GRACE ELECTRONIC CHEMICALS, INC. 


101 N. Charles St., Baltimore, Maryland 


\ 


Subsidiary of W. R. Grace & Co. 
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labor-saving packaging 


extremely pure, Baker Analyzed REAGENT 


HY DROELUORICG ACID 


in your choice of 


CONTATINERSSIZE'S: 
6'/2 GALLON carsoys 


NONRETURNABLE 


10-LB. and 1-LB. BOTTLES 


... functional, 


for your 


SAFETY - CONVENIENCE - ECONOMY 


HYDROFLUORIC ACID is a key processing 
chemical. 


To meet the sharply rising demand for Hydro- 
fluoric Acid manufactured to J. T. Baker’s 
exceptional standards of quality, Baker has once 
more expanded production facilities. In addi- 


tion to dependable, on-time deliveries, Baker 
offers you: 


YOUR CHOICE OF CONTAINER SIZES: 6% gallon 


polyethylene carboys, 10-lb. and 1-lb. polyethy- 
lene bottles. 


SAFE, CONVENIENT, LABOR-SAVING PACKAGING: 
Carboys and 10-lb. bottles expedite convenient 
handling of large quantities of acid. The Baker 
1-lb. bottle makes possible more rapid pouring 


SD 


than competitive 1-lb. containers and with an 
added safety factor: There’s no diaphragm to 
puncture—no danger of “acid-spurt.”’ 


PURITY: Baker manufactures in conformance 
with extremely high standards of purity. Speci- 
fications assure that copper and nickel each will 
not exceed % part per million. 

ACTUAL LOT ANALYSIS: Each container is labeled 
with the actual lot analysis defining copper, 
nickel and eight other significant impurities. 


ACTUAL LOT ASSAY: You’ll appreciate this 
“J. T. Baker extra” especially important for 
your use. 


FULL AVAILABILITY AND FAST SERVICE —from 
expanded production facilities. 


FOR PRICES AND ADDITIONAL INFORMATION, WRITE OR PHONE 


JTBaker J. T, Baker Chemical Co. 


N 4 
LTE 
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is now in mass production of silicon rectifiers of the diffused-junction 
or use in electronic applications. The two types now available are 


1itial units of a broad line intended for power supplies of 
inment, industrial, and military equipment. 


se RCA Silicon Rectifiers Offer You: 


@ Low Cost—specifically priced for entertainment applications. 


@ Electrical Uniformity—precision controlled diffusion process forms 
superior junctions. 


@ Welded Hermetic Seal—each unit individually pressure-tested to 
provide complete protection against moisture and contamination. 


e@ Rugged Construction—industrial-type “top-hat” design with axial 
leads for soldering-in applications; may also be mounted in stand- 
ard fuse —— 


* | onaracrenistics =| 


TYPE al RMS DC Max, Reverse Cur- | Max. Instantaneous Forward 
‘Inverse |Supply| Forward] rent at Indicated Voltage at Indicated In- APPLICATION 
Volts Volts Ma Peak Inverse Volts | stantaneous Forward Current 
Black-and-white TV, radios, 
100 ja 3 volts at phonographs and other elec: 
, Bae 


at 400 volts 15 amperes tronic equipment operating di- 
*At ambient temperature of 25°C 


rect from power line 


Color TV, radios, phonographs 
and other electronic equipment 
operating from the power line 
through a step-up transformer 


3 volts at 
15 amperes 


100 a 
at 500 volts 


RADIO CORPORATION OF AMERICA 


Semiconductor and Materials Division 
Somerville, New Jersey 
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For sales information, contact your RCA Field 
Representative at any of these offices: 


EAST: 744 Brood Street NORTHEAST: 64 *'A"’ Street 
Newark, N.J. Needham Heights 94, Mass. 
HUmboldt 5-3900 Hillcrest 4-7200 


EAST CENTRAL: 714 New 
Center Bldg., Detroit 2, Mich. partonnOhis 


PRsnity Scam BAldwin 6-2366 
WEST: 6355 E. Washington 1625 "'K"* St., N. W. 
Blvd., Los Angeles 22, Calif. Washington, D.C. 
RAymond 3-8361 District 7-1260 


CENTRAL: Suite 1154, Merchandise Mart Plaza 
Chicago 54, IIl., WHitehall 4-2900 


GOV'T: 224 N. Wilkinson St. 


RCA Silicon Rectifiers are also available 
at your local authorized RCA Distributor! 


New Designer’s Data-Sheets Ready Now! 
Write RCA Commercial Engineering, 
Section E-100-NN Somerville, New Jersey. 


os Ons 


1959 IRE SHOW REVIEW 


OF NEW PRODUCTS 


The items described in this section are those which the in 
respective manufacturers considered of major interest in their exhibits. 


Switching Transistor Pack 


Introduced by Sylvania, this Pack con- 
tains 18 NPN Switching Transistors com- 
prising 3 each of the six most popular 
types, 2N356, 2N357, 2N358, 2N377, 2N385 
and 2N388. 2N356-7-8 have 100 mw dis- 
sipation and 2N377, 385 and 388 have 150 
mw dissipation. Base is internally con- 
nected to case for internal dissipation. 
Each type welded hermetically sealed. 
Meets JEDEC TO-5 and TO-9 specifica- 
tions. For all industrial applications, 
computers, electronic controls, etc. Pack- 
age also contains 8-page booklet giving 
complete specs and data on each type. 
Available to equipment customers through 
local authorized distributors. 
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Temperature-Altitude Test Units 


An important advance in the type of 
combined environmental test facilities 
required in the design and construction 
of parts and components for today’s air- 
craft and missiles is the Tenney Engineer- 
ing VT-10 unit. This is one of a new line 
of combined temperature-vibration and 
temperature-altitude test units available 
in three sizes—the Tenneymite for small 
component testing, the VT-10 (10 cubic 
feet) and the VT-27. Shown is the remoyv- 
able hatch in the bottom of the chamber— 
a_ silicone-coated diaphragm through 
which a component can be mounted for 
vibration testing in relation to tempera- 
ture changes ranging from minus 100°F 
to plus 500°F. For temperature testing, 
without vibration, the screen is replaced 
by a solid hatch. For easy use with a 
vibration unit, new chambers are supplied 
with fork lift truck mounting. 
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Subminiature Selenium Diodes 


MINIFIERS — subminiature selenium 
diodes, designed specifically for high re- 
liability and long operating life in appli- 
cations such as detectors, gating, logic 
circuitry, phase comparators, bias sup- 
plies, clamping, clipping, AFC, AGC, and 
sensitive DC relays. Featured by Inter- 
national Resistance Co. Assembled in a 
drawn brass housing to provide high- 
efficiency heat dissipation and _ better 
mechanical protection, and then coated 
with a thermosetting material for envir- 
onmental protection. The complete as- 
sembly is only 3/32” in diameter and 
fully insulated to permit its use where 
space is limited. Munifiers have a useful 
life expectancy greater than 20,000 hours 
when operated within ratings. 
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Silicon-Filament Power Supply 


Two d-c power supplies in one, this 
rugged, compact unit provides two con- 
tinuously adjustable d-c power outputs, 
6 to 10 volts, 50 amperes, and 6 to 10 
volts, 10 amperes. Power from each out- 
put can be drawn separately or simulta- 
neously. Manufacturer claims voltage 
regulation of +0.5%, ripple of 60 milli- 
volts maximum peak to peak, and recoy- 
ery time of 0.2 second. Designated type 
D-10-10-100KS4, unit was designed by 
Christie Electric Corp., and has hermet- 
ically sealed silicon diode rectifier ele- 
ments. 
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Transistorized Tape Recorder 


Electronic Applications, Inc., model 111 
B NAGRA transistorized professional tapes 
recorder. This unit meets primary record— 
ing standards. 30 transistors are used in 
the motor and electronic assembly. A! 
DC motor is driven at high stability and: 
a servo loop control system monitored by; 
power transistors and data from tachom-- 
eter head. (Speed constancy 0.1%). Signal - 
to noise is better than 60 db. Unit weighs: 
15 lbs. Measured noise at input to micro-- 
phone pre-amplifier is —112 dbm. 
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Miniature Quartz Sealcaps 


JFD precision Miniature Quartz Seal- - 
caps seal out moisture, seal in reliability : 
and accuracy, regardless of atmosphere. 
Variable trimmer piston capacitors com- 
bine characteristics of Sealeap construc- i 
tion and miniature quartz capacitor 
design. Each is filled with dry nitrogen 
under pressure and then sealed to main- 
tain the compression, prevent corona and 
voltage breakdown at high altitude. 
Linear tuning with fine resolution is as- 
sured without breaking of seal. Available 
unpotted or encapsulated in epoxy resin 
for higher dielectric strength. 
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Metal Products 


Pure metals and alloys such as Anti- 
mony-Gold, Gallium-Gold and Chemi- 
cally Pure Gold; minimum purity 99.99%. 
These materials are available in fine wire 
form to approximately .001” or smaller; 
sheet form to approximately .0005”. Manu- 
factured by Sigmund Cohn Corp. Con- 
tinuously electroplated base metal wires 
can be supplied coated with material 
such as Indium-Gold or Antimony-Gold. 
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How to increase 
your semiconductor yield 
... With ALPHA UHP ultra 


high purity dot materials 


Uniformity—in alloy composition and dot 
purity level—is significant in increasing alloy 
junction semiconductor yield. 

To insure uniformity, all ALPHA dot 
materials—pellets, discs, washers, spheres 
and other forms—are produced by the “basic 
melt principle” as follows: 

1. Using metals as refined as 99.999% + 
purity, ALPHA carefully prepares the al- 
loy in special, non-metallic vesseis. 
(ALPHA offers all standard alloy com- 
binations, fabricates special ones to your 
requirements.) 

2. ALPHA then analyzes the alloy for 
major and minor constituents. Spectro- 
graphic analysis provides a further check 
on impurities. 

3. Found within specifications, the melt is 
next fabricated on equipment used ex- 
clusively for ALPHA UHP* ultra high 
purity metals. The entire batch is pro- 
cessed at one time; equipment is specially 
allocated for each alloy combination; this 
safeguards against contamination, insures 
finished dot uniformity. 


4. As with the original batch, the finished, 


dots, too, are spectrographed for purity. 

3. Next, each finished lot is rigidly in- 
spected for conformity to dimensional 
and weight requirements. Measurements 
are made with the most precise balances 
and high-precision gauges. 

6. Lastly, all ALPHA UHP dot materials are 
packed in protective, sealed containers. 
The result of these rigid controls is ALPHA 
UHP ultra high purity dot materials. Their 
uniformity and correct constitution are im- 
portant in controlling penetration and pro- 
ducing uniform junctions. You gain increased 
semiconductor yield! 


FREE! For informative 
technical data, write today! 


ALPHA METALS, INC. 


57 WATER ST., JERSEY CITY, N. J. 
HEnderson 4-6778 
In Chicago, Il. 


ALPHA-LOY CORP. (Division of Alpha Metals) 
Other ALPHA Products... Core & Solid Wire Solder 
Wide Range of Fluxes . . . Soft Solder Preforms 
*Trademark 
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IRE Review 
(from page 10) 


Silicon Rectifier 


Type T silicon rectifier, representing a 
major break-through in semiconductor 
devices, gives radio and television de- 
signers a commercial unit with high qual- 
ity and reliability. Developed by P. R. 
Mallory & Co., Inc., it has a diffused 
junction and is designed for 85°C ambient 
temperature. Has low reverse leakage 
eurrent and low forward voltage drop. 
Encapsulated in a coating compound 
called “Mallo-Seal’, it has high stability 
under severe moisture and humidity con- 
ditions. 
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NPN Silicon Power Transistors 


Exhibited by Silicon Transistor Corp., 
30 watt, 5 amp., low saturation resistance. 
Jedec outline TO-3 in a welded hermeti- 
cally sealed package. Operating tempera- 
tures: from —65° C. to 175° C. Typical 
applications: Class A and B power ampli- 
fiers, power converters, relay replacement 
and controls, power switches, high level 
DC amplifiers and power supply regu- 
lators. 
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High Speed Switching Transistors 


Fairchild 2N1131 and 2N1132 are PNP 
silicon transistors closely matching 2N696 
and 2N697 types. Existence of these 
closely related devices of opposite polarity 
affords opportunities for circuit designs 
based on complementary symmetry. Typ- 
ical rise time is 80 milli-micro-seconds. 
Dissipation ratings are 2 watts atvcoles 
and 1 watt at 100°C. Stabilized by 300°C 
storage. Mesa structure minimize effects 
of thermal and mechanical shocks. 
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Solder Microforms 


Anchor Metal Co., displayed stock and 
specification samples of solder microfilms 
made from ultra-high purity and Grade 
A metals and alloys. Some of the variety 
of shapes included: Rings, pellets, drops, 
segments, foil, powder, balls, etc. Includ- 
ing among the metals and alloys were: 
indium, indium-gallium, indium-gold, 
indium-tin, indium-lead, gold-antimony, 
gold-gallium, tin, tin-antimony, tin-lead, 
tin-arsenic, lead-antimony, lead-arsenic, 
aluminum, aluminum-tin, platinum. Some 
advantages for semiconductor applications 
are: No waste, faster flowing, higher pro- 
duction, saves solder. 
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Germanium PNP High 
Power Transistors 


Clevite 2N1146 and 2N1147 series features 
ring emitter construction and large junc- 
tion area for conservative current and 
power ratings. Low thermal resistance, 
low base input voltage, low saturation 
voltage, and superior current gain up to 
high values of collector current make 
them ideal for use in high current switch- 
ing circuits, DC to DC converters, high 
power audio amplifiers and voltage regu- 
lated power supplies. New voltage and 
current rating curve allows design for 
operation in regions safe from damage 
due to hot spots caused by high local 
current densities. Highest reliability of 
operation is insured by exacting standards 
throughout processing and by rugged 
mechanical design featuring a new pro- 
jection weld technique. 
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Switching Transistor Line 


A comprehensive line of NPN transis- 
tors for high-speed switching and high- 
frequency amplification has been intro- 
duced by CBS-Hyton. The line comprises 
10 computer types suited for logic-circuit 
and core-driver applications. These alloy- 
junction germanium transistors feature 
high current and voltage, flat gain, and 
low saturation resistance. They use a 
reliable, welded JEDEC TO-9 package. 
Typical operating frequencies range from 
3 to 12 megacycles, with maximum dis- 
Sipations of 100 and 150 milliwatts. 
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» High Power Silicon 
» Rectifier Series 
* Audio Devices displayed their line of 


® Power Silicon Rectifiers. Electrical Char- 
Pe tteristics (Resistive Load): DC Load; 
& 25A-200 Amp (nominal average current in 
’ half-wave circuit), Plus: 59 to 400, Max. 
* Operating Temp: Up to junction temp of 
| 190° C., Max. Reverse current at rated 
i ‘PIV, 25A unit: 25 ma, 200A unit: 100 ma, 
' Instantaneous forward drop at rated DC 
load current and 25° C junction temp: 
' 15 volts max. Available with “Positive” 
» or “Negative” Base Hermetically sealed, 
| High Efficiency, Rugged Construction. 
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What Does a Slide Pin Have to Do 
With the Cost of VACUUM? 


A rotary piston mechanical pump must have a slide pin! 
And, there's a dramatic difference in the cost picture 
between a precision-built, one-piece KINNEY slide pin 
and one that doesn’t possess the same engineering nice- 
ties. The performance record of KINNEY High Vacuum 
Pumps in production service accents the big savings in 
wear, maintenance and downtime of KINNEY one- -piece 
slide pin design. Anything less than superior engineering, 
quality materials and true craftsmanship just does not 
belong in a critical part of a Vacuum Pump. You do not 
risk this gamble when you buy 


® 


Data Strip & Data Matrix 


: Dialight Corp., Dialeo Data Strip de- 

signed to provide a number of ultra- 
miniature indicator lights, as a unit, ready 
for mounting in a minimum of space. The 
basic indicator light consists of a lamp- 
“holder with a plug-in lamp cartridge. 
Lamps used are T-1-%4 Incandescent Lamp 
from 1.35 to 28 V.; or NE-2E Neon Lamp 
for 105 to 125 V. circuits. Holds 10 lamp 
holders, but Data Strip can be made 
with any desired number of lampholders 
on the aluminum channel, for vertical or 
horizontal reading. The Data Matrix is 
similar to the Data Strip but rectangular 
in shape. 
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HIGH VACUUM PUMPS 


KINNEY—the top name in High Vacuum— 
offers the broadest selection of Single-Stage, 
Two-Stage and Mechanical Booster Pumps 
in the world with free air displacements 
from 2 to 5100 cfm. Single-Stage Pumps 
developing pressures of 10 microns*... 
Compound Pumps developing pressures of 
0.2 micron* and Two-Stage Mechanical 
Booster Pumps developing pressures to 0,1 
micron”. 
*McLeod Gage 
In addition to the famous Kinney Line of 
High Vacuum Pumps, Kinney also offers 
advanced design High Vacuum compo- 
nents and complete systems. 


KINNEY MFG. DIVISION 
line NEW YORK AIR BRAKE COMPANY 
Ask for catalogs on the 3524F WASHINGTON STREET BOSTON 30 « MASS. 


ep rhaklolciy ada Please send me latest Ore bulletins on 
or Equipment that will | (] Single-Stage Pumps (J Compound Pumps 
LOWER YOUR COSTS. O Mechanical Booster Pumps uae O £ 
| Name 
| Company 
e I Address 
Og eta carr epee Ee OG err HOO 
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(continued on page 22) 1 


THE BEST 
SEMI- 
CONDUCTORS 
MADE.... 
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ARE MADE 


ON KAHLE 
MACHINES 


KAHLE CRYSTAL GROWING 
MACHINES .. . featuring a single 
unit for temperature, timing, program- 
ming, and motor control...set new high- 
precision standards in the production of 
single billets of Germanium, Silicon, or 
related semiconductor crystals. Designed 
to function efficiently and economically 
with either RF or resistance-type heating 
systems, each machine is pre-tested ... 
under actual operating conditions . . . 
prior to shipment. 


This machine is just one example of the 


full line of fine Kahle equipment for the 
production of semiconductors and elec- 
tron tubes. 


For detailed information, write to: 


R€ 42 HL 


ENGINEERING COMPANY 
GENERAL OFFICEs: 

3316 Hudson Avenue, Union City, New Jersey 

LEADING DESIGNERS AND 

BUILDERS OF MACHINERY FOR 

THE ELECTRONIC INDUSTRY 
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Editorial... 


Avalanche Breakdown Phenomena in P-N Junctions 
The phenomena of avalanche breakdown in reverse 


biased semiconductor diodes are generally accom- 


panied by secondary effects of instability. The effects 
appear as a region of negative slope in the voltage- 


current characteristic. They were first observed in 


point contact diodes and later noticed in germanium 
alloyed junction diodes, and have been investigated 


_ by various scientists in an attempt to explain their 


: 


occurrence to reduce them to a theoretical evalua- 
tion. From a technical point of view they are of con- 


siderable importance for possible applications in the 


generation and amplification of very high frequen- 
cies, and in the design of avalanche diodes for given 
breakdown voltage. 

The resulting breakdown voltage is generally lower 
than the value computed theoretically from the ava- 
lanche theory. Furthermore, since the negative resist- 
ance characteristic is of the open circuit stable type, 
operation with low source supplies produces runaway 
and corresponding fusing of the diode. The negative re- 
sistance characteristics can be obtained experimen- 
tally if sufficient external resistance is introduced in 
series with the breakdown diode. It is observed that 
switching phenomena in the instability region take 
place in times of the order of 10~® sec. 

An interesting theory was advanced recently by 
A. W. Matz (Proc. I.E.E., Part B, p. 555) in which it 
is supposed that the negative slope is due to thermal 
runaway combined with the avalanche multiplication 


characteristic 
V n 
fe a (7) : 
TA vy: 


In fact, assuming that thermal equilibrium is ob- 
tained between heat internally produced, P = VI, and 
heat externally dissipated, S(T —T,), where T, is the 
ambient temperature, a resulting expression of the 
static conductance may be derived which becomes 
negative when the current I increases beyond a cer- 


tain value. The “turnover” voltage V,,,,, may be ex- 


pressed in terms of the excess temperature of the 
semiconductor at breakdown T, — T,, which is typi- 
cally about 14° C for germanium, with the equation 
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T,—T, 
V nae | en 
SMI; 


In this equation S is typically ~ 0.35 C°/mw for ger- 
manium and M; I, is the avalanche diode current at 
the turnover point. 


Transistorized Power For Buses 

Announcement by G.E. of an experimental transis- 
torized fluorescent lighting system installed in one of 
the buses of the Cleveland Transit System marks a 
promising application of semiconductor devices in 
transportation. The heart of the system is a transistor 
inverter which converts 12-volt d-c battery power to 
3000 cycle, 400-volt a.c. It supplies each fluorescent 
lamp at 20 watts through special ballasts which are 
five times smaller and ten times lighter than the con- 
ventional ballasts used with these lamps on standard 
60-cycle power sources. The ballast watt losses are 
reduced from 21 to 2, thereby increasing system oper- 
ating efficiency considerably. The system produces 
three to nine times the illumination of former filament 
bus lighting, and consumes only three-quarters the 
wattage. 


Transistorized Artificial Larynx 

A new artificial larynx for persons who have lost 
their voices through surgical removal or paralysis of 
their vocal cords was described recently by Bell Tele- 
phone Laboratory scientists. By means of a finger- 
operated combination push-to-talk switch and inflec- 
tion control, the user can easily control the pitch of 
his artificial voice. The underlying principle of the 
device is a vibrating driver held against the throat. 
Included in a package 134 inches in diameter by 3% 
inches long is a modified telephone receiver serving 
as a throat vibrator, a transistorized pulse generator 
with pitch control, and a battery power supply con- 
sisting of two 5.2-volt mercury cells. 

This new application of semiconductor devices in 
the field of medicine is indicative of the good that can 
be done with devices of this type. No greater satisfac- 
tion can be enjoyed by man than the feeling that he 
has contributed to the welfare and relief of his fellow 
man. 


Samuel L. Marshall 
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Transistor Engineer 
Wanted, 

To Head Laboratory, 
Italy 


Olivetti (Italy) has established a subsidiary in 
Milan for the production of silicon and 
germanium transistors and diodes. 

It 15 now looking for the right person to head the 
existing development laboratory. 

These are the requirements: (1) At least 5 years 
experience in transistor development 

(2) Degree of Master of Science in Physics 

(3) Willingness to move to Italy and learn Italian. 
[t would be desirable if you were familiar with 
present applications and future potentialities of 
transistors and diodes, in order to contribute 
actively to the general policy of the new firm. 
Salary will be commensurate with experience 
and ability. Transportation and 

moving expenses will be paid. 

Written replies will be sent to all applicants. 
Chosen candidates will be invited for a personal 
interview in New York City, expenses paid. 
Please write, enclosing detailed resume, to Project 


T.D.L., Olivetti, Ivrea, Italy. 


Electronics progress through 
chemistry and metallurgy 


New look in Crystals... 


Sylvania develops a new optical instrument for easy, accurate 
alignment of single-crystal germanium and silicon 


Semiconductor manufacturers and 
research laboratories can now orient 
monocrystalline germanium and sili- 
con quickly and easily without the 
use of X ray, microscope or. other 
methods requiring skilled operators 
or extensive processing. 


Sylvania has developed a versatile 
new Crystal Orientation Instrument 
that is especially adaptable to the 
preparation of germanium and silicon 
single-crystal slabs for dicing, to seed 
crystal preparation, and many 
other uses. The device reveals the 
symmetry and orientation ofa crystal 


WSYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


through the light pattern it reflects 

from the facets in the etched surface 

of the erystal. 

Here are some of the advantages 
of the Sylvania Crystal Orientation 
Instrument: 

SPEED—Cutting, preparation, etching and 
evaluation of a crystal in as little as 15 
minutes, 

SIMPLICITY— Clean design allows easy opera- 
tion by unskilled personnel. 

ACCURACY—to + 12 

ECONOMY—Lower initial and operational 
costs than X ray and other techniques. 

SAFETY— Non-hazardous operation—no 
radiation risk. 


minutes of are. 


ore 
Tak 
SYSTEM 
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VERSATILITY—Can be used on any mono- 
crystalline. material in which etch pits 
ean be produced. 


FLEXIBILITY—Top mount can be rotated-or 
removed. It can be set up on duplicate 
base units in other locations, 


The Sylvania Crystal Orientation 
Instrument is available as a complete 
assembly or in individual parts. For 
complete particulars on this newest 
aid to the semiconductor industry 
from the Chemical & Metallurgical 
Division, contact your Sylvania rep- , 
resentative or write the division’ 
directly in Towanda, Pa. 


Sylvania Electric Products Inc. 


Chemical & Metallurgical Div. 


Towanda, Penna. 


uy 


Displays 4 to 12 curves 


per family 
with input current 
from 
1 MICROAMP/STEP «i? . \ am 
to stant-current base steps, Collector 
200 MILLIAMPS /STEP 


sweep is 0 to 5 v with a 0.25-ohm 
} 


t load, base current is 50 ma/step. 
Vertical deflection is 1000 ma/div, 
i horizontal 0.5 v/div. 


HIGH INPUT CURRENT 


PNP transistor, collector current 
vs collector voltage with base 
grounded and constant-current 
emitter steps. Collector sweep is 
0 to 1.5 v, emitter current 200 
ma/step. Vertical deflection is 
200 ma/div, horizontal 0.1 v/div. 
Zero voltage is at center scale. 


Transistor-Curve Tracer 


TYPE 575 CHARACTERISTICS 


Positive or Negative Collector Sweep 20-Ampere Collector Displays 


Collector supply—O to 20 v, 10 amperes average current. 
" —0 to 200 v, 1 ampere average current, 


Dissipation limiting resistors—O to 100-kilohms in 17 steps. ? .4-Ampere Base Supply 


Positive or Negative Base Stepping 
4 to 12 steps per family, repetitive or single family display. 
17 current-per-step positions, | wa/step to 200 ma/step. 
5 voltage-per-step positions, 0.01 v/step to 0.2 v/step, with 24 
series resistance values from 1 ohm to 22 kilohms. 


LOW INPUT CURRENT 


NPN transistor, collector current 
vs collector voltage with con- 
stant-current base steps. Collector 
sweep is 0 to 1.5 v, base current 
] microamp/step. Vertical deflec- 
tion is 10 microamp/div, hori- 
zontal 0.1 v/div. 


(10-ampere average supply current) 


Calibrated Display 


Tektronix, | 
| nc. 
Vertical axis— A 
Collector current, 16 steps from 0.01 ma/div to 1000 ma/div. P.O. Box 831 * Portland 7, Oregon 
Pushbuttons are provided for multiplying each current step by 2 and Phone CYpress 2-2611 * TWX-PD 311 © Cable: TEKTRONIX 


dividing by 10, increasing the current range to 0.001 to 2000 ma/diy. 


. . TEKTRONIX FIELD OFFICES: Albertson, L.1., N.Y. « 
Horizontal axis— vt, 


Albuquerque * Atlanta, Ga. * Bronxville, 


N.Y. * Buffalo * Cleveland * Dallas * Dayton * Elmwood Park. Ill. « Endwell, N.Y. * Houston 
Collector volts, 11 steps from 0.01 v/div to 20 v/div. Lathrup Village, Mich. + East Los Angeles * West Los Angeles * Minneapolis Steen, Kansas 
Both axes— elt! oie TOnen Ee: Fla. * Palo Alto, Calif. * Philadelphia * Phoenix * San Diego 
Base volts, 6 steps from 0.01 v/div to 0.5 v/div. ce hers2urg, To. * syracuse * Towson, Md. * Union, N.J. * Washington, D.C. * Willowdale, Ont. 
Base current, 17 steps from 0.001 ma/div to 200 ma/div. Shah uate etre a fad REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon., 
Base source volts, 5 steps from 0.01 v/div to 0.2 fat callie, Wash.; Hytronic Measurements, Denver, Colo., Salt Lake City, Utah. 
Test Condition Selector Tektronix is represented in 20 overseas countries by qualified engineering organizations. 
Select either common-emitter or common-base configuration, 
Price $975 f.o.b. factory 


No production delay! 
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Shipments within a very few days of receipt of order, 
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ANNOUNCING... 


a new concept in SILICON supply ! 


Then, devote your efforts exclusively to the pro- 
duction of ultra-pure silicon in every form. 


Right off the bat you start doing things the way 
they should be done. 

You pick men who know — a top-flight manager 
from the process field, and a well-versed gentleman 
from the semiconductor field. Then add experienced 
semiconductor men who understand the device 
manufacturer’s problems. That’s your management 
group. 

Next provide a plant. Select a site where condi- 
tions are particularly favorable — as they are near 
the Allegheny National Forest. 


Silicon polycrystalline bulk, cast 
billets and rods, single crystals, slices, 
seeds and dope. 


207 HOOKER-FULTON BLDG., BRADFORD, PA. 


This...is Allegheny Electronic Chemicals Co. 
And this is for you — a new concept in silicon sup- 
ply, a new service for the semiconductor industry. 


Your inquiries are invited. Write to Allegheny 
Electronic Chemicals Co., 207 Hooker-Fulton Bldg., 
Bradford, Pennsylvania, or 252 North Lemon St., 
Anaheim, California. 


ALLEGHENY 


ELECTRONIC CHEMICALS CO. 


4 


producers of semiconducting materials for the electronic industry 
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SEMICONDUCTOR 
ENGINEERS 


Achieve Best Use Of Your 


Creative Talents in 


CONTROLLED RECTIFIER 


Engineering and Manufacturing Operations 
With General Electric 


Our introduction last year of the “revolutionary” SILICON CONTROLLED 
RECTIFIER has caused a sensation in the electrical industry. To exploit 
this technological breakthrough, we are accelerating our engineering and 


production programs. 


Challenging openings have been created for: 


PROJECT ENGINEERS 


to direct the formulation of im- 
proved designs and processes of 
SILICON CONTROLLED RECTI- 
FIERS. BS in Chem E, Physics 
or EE and 3 years semiconductor 
experience. 


PROCESS ENGINEERS 


. . . develop processes for manu- 
facturing of SILICON CON- 
TROLLED RECTIFIERS. BS in 
Chem E, Physics or EE and 2 years 
process engineering experience. 


RATING AND EVALUATION ENGINEERS 


... determine ratings and evaluate 
capabilities of SILICON CON- 
TROLLED RECTIFIERS. BS in 
EE and 3 years experience in elec- 
tronic circuitry. 


CHALLENGING OPENINGS for Physicists, 
Physical Chemists, Metallurgists and EEs 
and Chem Es, BS through PhD level, in 


TRANSISTOR DEVICE 
ENGINEERING 


SEMICONDUCTOR METALS 
ENGINEERING 


FIELD SALES 
PRODUCT PLANNING 


QUALITY CONTROL 
ENGINEERING 


MANUFACTURING PROCESS 
ENGINEERING 


ADVANCED SEMICONDUCTOR 
LABORATORY (PhDs only ) 


Join the Industry’s Recognized Leader in High Quality-High Reliability Semiconductor 


Liberal relocation allowances. Excellent pension, securi- 
ties and savings, medical and life insurance plans, plus 
tuition refund for college studies. 


U. S. Citizenship not required. 
Write in confidence to: Mr. M. D. Chilcote, Div. 125-MF 
SEMICONDUCTOR PRODUCTS DEPT., 
Building 7, 


GENERAL @@ ELECTRIC 


Electronics Park, Syracuse, N. Y. 
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General Plate Clad Metals 
IMPROVE PERFORMANCE — CUT COSTS 
In Semiconductor Applications 


SILICON TRANSISTOR GERMANIUM TRANSISTOR 


tres LEAD WIRES 

RORED KOVAR yO COPPER CORED KOVAR 
BASE TAS* “3 INDIUM DOT. 
ALUMINUM CLAD TANTALUM \ BASE TAB ENCLOSURE- 
GOLD=ANT I MONY 
CLAD ALLOY 30 


y OS URE _- ENCLOSURE BASE 
<a SNS ror by ts) COPPER TIN CLAD COPPER STEEt CLAD 


COPPER 


GERMANIUM POWER TRANSISTOR 


GERMAN Mw 
TIN CLAD NICKEL STEEL CRYSTAL” 


\ NSITLICON CRYSTAL GERMANIUM CRYSTAL 
“ALUMINUM DOTS “INDIUM DOTS 


LEAD WIRES 


HERMETIC SEAL HEADER COPPER CORED $2 ALLOY 


HERMETIC SEAL HEADER 
KOVAR+HARD GLASS SEAL 


KOVAR + HARD GLASS SEAL 


4 
5 
eq 

A 


LAS & 


| BASE TAB MATERIAL 


eS) A For Germanium (Single Clad Only) | 


I] LEAD WIRE MATERIAL 


. Copper Cored Rodar (Soft Glass Seals) 

. Copper Cored 52 Alloy (Compression Seals) 
. Copper Cored 446 Stainless Steel 

. Nickel Clad Copper Wire 

. Copper Clad Nickel Wire 


1. Tin Clad Nickel 
. Tin Clad Alloy 30 (42% Nickel-58% Iron) 


2 

3. 63.2% Lead-35% Tin-1.8% Antimony Clad Nickel 
\\ 4. 63.2% Lead-35% Tin-1.8% Antimony Clad Alloy 30 

5 

6 

7 

8 


EE RY EE OEE TTA 
aFwne 


. 63.2% Lead-35% Tin-1.8% indium Clad Nickel 


| . 63.2% Lead-35% Tin-1.8% Indium Clad Alloy 30 =a 
= (0) . 99% Tin-1% Gallium Clad Nickel 
i . 98% Tin-2% Antimony Clad Nickel é 
4 9. 95% Tin-5% Antimony Clad Nickel oe Ill WHISKER WIRE MATERIAL 
: \ 10. Tin Clad Steel | 
Ko 11. Tin Stripe on Nickel : 1. 95% Platinum-5% Ruthenium 
| 12. Tin Clad Titanium | 2. 99% Gold-1% Gallium 
A 3. 99.5% Gold-.5% Antimony 
5 Q 4. 90% Platinum-10% Iridium 
B For Silicon (Single or Double Clad & Stripes) — 
**Solder IV BASE MATERIAL 
sf aa Gold-.5% Antimony 1. core! ephiey: Carbon Steel Clad Copper 
3. 99% Gold-1% Gallium B seals Sel ee ere 
s 3. Nickel Clad Steel (Nifer)® 
4. 95% Gold-5% Indium A. Nickel Clad Copper 
See ere STOR 5. Nickel Clad Tantalum 
wok pica hoteller 6. Silver Clad Tantalum 
IT cB as alate Ne ape 7. Aluminum & Nickel Double Clad Tantalum 
8. Fine Silver 
9. 99.5% Silver-.5% Antimony Si 
10. 95% Silver-5% Indium 
11. Aluminum V ENCLOSURE MATERIAL 
12. High Purity Aluminum 
1. Tin Clad’Copper 
2. Glass Clad Nickel Silver 
| / 3. Tantalum Clad Nickel Silver 
BASE METAL : aon a. : 
1. Nickel 
2. Alloy 20 (40% Nickel-60% Iron) 
3. Alloy 30 (42% Nickel-58% Iron) If you are seeking metals with useful characteristics that 
4. Kovar can’t be found in a single metal or alloy, investigate clad 
5. Titanium metals. General Plate Clad Metals do what other metals can’t. 
6. Tantalum Made by metallurgically bonding single metals or alloys to 
7. Molybdenum other metals in the solid state by exclusive processes*, the 
8. Silver composite metals give you the combined advantages of the se- 
9. Platinum lected metals and can yield new advantages such as lower cost, 


better fabricating qualities, improved parts performance, ete. 

The General Plate Clad Metals for semiconductor applica- 
tions described here comprise only a partial listing. To find out 
more about these or other combinations to meet your specific 


*#NOTE: These solders may be single or double 
clad on any of the base metals listed above. 
Solders in group B may be purchased unclad. 


requirements, write directly to Industrial Metals Product 
Manager, or request our special catalog on clad and solid 
metals for electronics applications. 


*Patented processes of Metals & Controls Corporation. 


METALS & CONTROLS 


2006 FOREST STREET, ATTLEBORO, MASS., U.S.A. 


A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
GENERAL PLATE PRODUCTS: Clad Metals « Electrical Contacts *« Truflex® Thermostat Metal « Platinum Metals « Reactor Metals « Radio Tube & Transistor Metals 
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ULTRASONIC 
BREAKTHROUGH! 


ONLY ACOUSTICA 
ULTRASONIC 
CLEANERS HAVE 
MULTIPOWER! 


The Multipower transducer developed by 
Acoustica research, multiplies the power 
and efficiency of ultrasonic action. Clean- 
ing is faster, better, labor costs are lower. 
Acoustica ultrasonic cleaners are built for 
performance and durability. They are 
engineered to the finest standards, un- 
equaled in quality and value. 


Off-the-shelf in capacities from 1 to 75 gal. 
or custom built to 5000 gal. and more. 
Expert Acoustica engineers can help you 
with your cleaning problems. Send for 
further information. 


NEW YORK 
LOS ANGELES 


IM 
ACOUS ica 
LEADER IN ULTRASONIC RESEARCH 


CCC CC CCC COCO LCCC CCE oC CEC OCC CoO COLO CO 


Acoustica Associates, Inc. 
Dept. SP Fairchild Court, Plainview, N. Y. 


Send information describing advantages of 
Acoustica ultrasonic cleaners. 


Company. 


4 
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Address. 
City Zone State 
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—————— 
IRE Review 

(from page 13) 

Ultra Fast Transistor 


TIl’s new NPN silicon diffused-base 
mesa transistor is designed and character- 
ized especially for high speed switching 
applications. Packaged in a sub-minia- 
ture TO-18 package with the E3-58 base, 
the 2N702 features a typical total switch- 
ing time of 25 mu secs in a typical logic 
non-saturated switching circuit. Other de- 
vice highlights include the following 
absolute maximum characteristics at 25° 
C: 20V minimum collector voltage re- 
ferred to base, 15V minimum collector 
voltage referred to emitter, 5V minimum 
emitter voltage referred to base, and 50 
ma collector current. Device operating 
temperatures extend from —fo° to 
+175°C. 
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Crystal Orienting System 


A system for orienting silicon and 
germanium crystals by visual patterns, 
eliminating measurement of degree of 
mis-orientation and transfer of data, 
introduced by Micromech Manufacturing 
Corp. Immediate, accurate identification 
of principal planes is made from undis- 
torted patterns reflected from the etched 
crystal surface. The aligned crystal 
mounted on the orientation fixture is 
transferred from the orientation base to 
the table of the wafering machine, allow- 
ing the crystal to be cut on the plane to 
which it was aligned. 


Circle 111 on Reader Service Card 


Spike Elimination 


Universal Transistor Products Transis- 
| torized Power Supplies for communica- 
tions and navigation applications provide 
| built-in protection against the spikes and 
| transients disturbing system voltages in 
air-ground systems as described in MIL- 
E-7894A. Model 6073 is 6%4” x 314” diam- 
eter; weighs 2 lbs. 12 ozs: Produces 300V 
and 100V from 27VDC input. Operates in 
temperatures from —40°C to +80°C. 
Circle 123 on Reader Service Card 


Vacuum System 

The Kinney Ultra High Vacuum System | 
is the first standard working equipment | 
producing pressures in the order of 10° 
mm Hg. with practical time cycles. Utiliz- - 
ing the principle of differential pumping, 
the outer chamber is pumped down to 
10-4 to 10° mm Hg. and the inner chamber } 
is differentially pumped down to the ulti- 
mate pressure. The System is equipped | 
with electric feed-throughs, rotary ~ 


motions, and other fittings customarily 
associated with Vacuum Evaporation. 
Circle 116 on Reader Service Card 


Medium Power Transistor 

The Delco 2N1172 is a medium power 
PNP germanium transistor designed for 
use with a 12 volt power supply. It is 
particularly applicable for use where size 
is an important consideration. It is char- 
acterized by a maximum emitter current 
of 1. amperes, a maximum collector 
diode voltage of 40 volts, and a maximum 
thermal resistance of 15°C/watt. Due to 
its high gain and low saturation resist- 
ance, the 2N1172 will give good perform- 
ance in audio and power regulating 
applications. It will deliver 400 milliwatts 
of power when operated in single-ended 
class A service. It may be efficiently used 
to drive a loudspeaker directly or to 
furnish drive for subsequent power am- 
plifier stages. The collector is electrically 
connected to the case of the transistor. 

Circle 140 on Reader Service Card 


Ultrasonic Liquid Level Switch 

Acoustica Associates, has developed a 
miniature, glass-aluminum sensing ele- 
ment for use with low boiling point fluids. 
This sensor is designed for use with an 
external miniaturized control unit which, 
in combination, form a_ liquid level 
switching system. Units are small, light- 
weight, hermetically sealed, and operate 
over a wide range of stock, vibration, 
temperature and altitude. Response time 
is 25 milliseconds max. Functions well in 
cryogenic and most other fluids up to 
160° F. 

Circle 137 on Reader Service Card 
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Automatic Transistor Production 


1 Philco exhibited an almost completely 
‘automated mechanism, capable of pro- 
{ducing 450 transistors an hour. The 
{machine is called the “F.A.T.” line (for 
{Fast Automatic Transfer.) It was de- 
i signed to answer the entertainment in- 
+dustry’s need for quality transitors at 
‘lower cost. 18 workers can assemble and 
* test about 1,000,000 transistors a year. Two 
‘units of the machine are completely 
‘automated, requiring no manuel labor, 
and these two combined account for 33 
operations required in the production of 
transistors. About the only thing the 
/ machine does not do is plate, test, brand 
and pack the finished transistors. 


Circle 141 on Reader Service Card 


Silicon Trinistor 


The Westinghouse Trinistor is a three 
terminal multi-junction silicon NPNP 
switch, whose breakover voltage can be 
controlled by the base current. In the 
forward or conducting direction, with no 
input signal to the base terminal, the de- 
vice will block up to the full rated volt- 
age. When a base signal is applied, the 
Trinistor will switch from a blocking to 
a conducting condition, characterized by 
a low forward drop similar to that of a 
conventional silicon diode. Ideally suited 
to applications in circuits with voltage up 
to 400 volts and currents up to 50 amperes. 

Circle 119 on Reader Service Card 


Trigger Switch Housing 


Trigger switch incorporating the Gen- 
eral Electric NE-177 Special Purpose Glow 
Lamp marketed by Drake Manufacturing 
Company. The switch, No. X3245, is of 
1-piece body-and-dome polystyrene con- 
struction. Its design makes soldering lugs 
readily accessible. The GE lamp has a 
three-electrode structure, requires no 
heater current, and will operate many 
thousand times. While some glow is pro- 
duced, the lamp is not intended as an 
indicator. 

Circle 128 on Reader Service Card 
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h;e CURRENT GAIN 
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COLLECTOR CURRENT Adc 


Solid line indicates the low beta fall-off of one of the new Bendix transistors as compared to that of an ordinary transistor. 


NEW BENDIX HIGH GAIN 
INDUSTRIAL POWER TRANSISTORS 
OFFER FLATTEST BETA CURVE 


Now available—a new series of power transistors with the flattest beta curve in the 
industry, made possible by an exclusive Bendix process. This new series has very 
high current gains—up to 200 at 3 Adc—and a 10 ampere peak current rating. 

Featuring ten-amp performance at a five-amp price, the 2N1136,A,B; 2N1137,A,B; 
and 2N1138,A,B series provide: 


LOW BETA FALL-OFF —-----—————_» LESS DRIVE AND LESS DISTORTION 
LOW SATURATION RESISTANCE —-——————-> GREATER CIRCUIT EFFICIENCY 
VOLTAGE BREAKDOWN RATINGS —————————> ELIMINATION OF BURN-OUT 
CURRENT GAIN MATCHING ————————-> OPTIMUM CIRCUIT PERFORMANCE 


Ideally suited for use in static convertors and regulators, these powerful transistors 
also have numerous applications in relay replacements and drivers for relays, magnetic 
clutches, solenoids and other loads requiring high current. In addition, their extremely 
high current gain and excellent hFE linearity make them the most practical and 
efficient television vertical output amplifiers. 

For complete information, contact SEMICONDUCTOR PRODUCTS, BENDIX AVIATION 
CORPORATION, LONG BRANCH, NEW JERSEY. 

West Coast Sales Office: 117 E. Providencia Avenue, Burbank, California 
Midwest Sales Office: 4104 N. Harlem Avenue, Chicago 34, Illinois 
New England Sales Office: 4 Lloyd Road, Tewksbury, Massachusetts 


Export Sales Office: Bendix International Division, 205 E. 42nd Street, New York 17, New York 
Canadian Affiliate: Computing Devices of Canada, Ltd., P. O. Box 508, Ottawa 4, Ontario, Canada, 


Cire'e No. 21 on Reader Service Card 
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Does a Crystal’s Performance 


Machining often 
contaminates the 


graphite... 


» - « which in turn 
contaminates your 


Ge or Si... 


-.. but this is 
avoided by United’s 


post-purifying 
technique... 


... SO we can 
guarantee both 
tolerances and 
purity! 


United Carbon Products Co., Dept. C, Bay City, Michigan 


Please send me your free brochure 
“Graphite for Semiconductor Processing’ 
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es 


CO. ADDRESS 


CITY ZONE STATE 


Circle No. 22 on 


Depend on Who Shapes 


Your Graphite? 


Offhand, it seems remote to blame a faulty semi-conductor on 
the machine-shop that shapes your graphite parts. Yet it isn’t 
remote at all. The relationship becomes obvious when you 


think of all the close contact between your crystal metals and 
the graphite during processing. 


Any impurities picked up by the graphite from machining can 
contaminate your germanium or silicon. And any failure to 
hold critical tolerances on graphite jigs and fixtures can result 
in faulty assembly of components. You should, therefore, be 
extremely careful about who machines this graphite for you. 


The way to guarantee yourself of the utmost purity and accur- 
acy in these parts is to order graphite shapes from United. 
Because United first machines the parts to precise tolerances, 
then purifies them through the famous “F” process developed 
by United and used by the AEC. This reduces contaminants 
to near-zero. Our experience with graphite machining, coupled 
with our purification procedure, allows us to actually guarantee 
both workmanship and ultra purity. And United, of course, is 
the kind of solid, stable company that can afford to make 
such a guarantee. 


In addition, we possess splendid R&D and technical service 
facilities that are always available to you, and we have never 
yet failed a customer on “crash” delivery schedules. Why don’t 
you write us now, outlining your needs? 


eader Service Card 
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Some Stability Considerations in the Design 
of Large Feedback Junction Transistor Amplifiers 


DR. HERBERT HELLERMAN* 


The design of amplifier circuits having large amounts of feedback, such as are encoun- 
tered in analog computer applications, requires careful control of the gain-phase character- 
istics of the loop gain transmission if good performance without instability is to be achieved. 
A realistic design procedure must depend on the constraints imposed by the high frequency 
characteristics of the transistor expressed as an equivalent circuit. This must be simple, 
although highly approximate since several coupled transistors are involved in one circuit 
and an accurate but complicated single transistor equivalent circuit makes calculations for 
the entire amplifier too cumbersome for practical value. This article justifies (experiment- 
ally and theoretically) an approximate transistor equivalent circuit suitable for design 
purposes. Also discussed are simple interstage networks for control of the loop transmission, 
and considerations for determining the impedance level in the feedback path. 


[Tear sheets of this article are available on written request] 


quality amplifiers is a technique well known to 
electronic and control system engineers. The 
emphasis in this article is on that special class of ampli- 
fier found in analog computers, active filters and high 
quality control circuits. They can, for the most part, 
be described as requiring large feedback to be present 
over the useful frequency band which is usually nar- 
row compared to the bandwidth of the amplifying de- 
vice used in the circuit. However, because of stability 
considerations the large loop gain in the pass band 
must be reduced to zero db before its excess phase 
shift becomes 180 degrees due to the high frequency 
properties of the active part of the circuit. Since 
realizable networks can be designed to bring the gain 
down without excessive phase shift only within defi- 
nite limits, it is evident that the maximum feedback 
and hence the maximum network performance at the 
low frequencies is fundamentally limited by the high 
frequency behavior of the amplifying devices. 
The intimate relation sketched above between the 
forward amplifier high frequency characteristics and 
maximum feedback is well known in the Art. It is the 
purpose of this article to discuss the application of 
this general knowledge to the case where junction 
transistors are used to provide the amplification. The 
high frequency characteristics of the triode junction 
transistor will, therefore, be described in some detail. 
However, before entering into a discussion of this im- 
portant subject it is well to define a term which plays 
a key role in the theory. 


Ts USE OF INVERSE FEEDBACK to produce high 


The Loop Gain Transfer Function’ 


Single loop feedback amplifiers may be studied 
with the aid of the loop gain transfer function or re- 
turn ratio. A system is of the single loop type if there 
is but a single path from the output back to the input. 
Although this condition is satisfied in most vacuum 


*The material presented here is the outcome of work done at 
Syracuse University. Dr. Hellerman is now associated with 
the I.B.M. laboratories at Peekskill, New York. 
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Fig. 1—Loop Gain Transfer Function 


tube circuits at low frequencies, it is not strictly true 
in the transistor case. The reason for this is that there 
is internal feedback within the transistor which can- 
not in general be neglected. Thus, in a transistor feed- 
back amplifier having a single external loop, there 
are really two feedback paths, one through the exter- 
nal loop, the other back through the transistors. For- 
tunately, however, it is often possible to consider 
the overall internal feedback of several transistors in 
cascade as being very small. This is especially true 
for the most common’ case of cascaded grounded 
emitter stages. This can be understood by considering 
the entire active part of the amplifier as a four ter- 
minal network and inspecting the parameter which 
is a measure of the feedback. Although 2Z,., y;. or hy» 
will suffice for this purpose (since if any one of these 
is zero the others will be zero also), h,. is perhaps 
the most significant in the transistor case since its 
definition most nearly coincides with the impedance 
conditions met in the transistor cascade arrangement. 
The h,. of the overall network declines very rapidly 
as the number of stages increases, so for three or more 
stages the overall internal feedback is small and can 
often be neglected. This justifies the use of single loop 
theory in most cases of practical importance. 

The loop gain transfer function or return ratio 
for a single loop system may be defined with the aid 
of Fig. 1. On a voltage basis, (Fig. la), we consider 
the lead a-a’ normally in series with the input of the 
active portion of the amplifier to be broken. On one 
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side of the break a voltage E, is applied and the volt- 
age E; due to tranmission around the loop is deter- 
mined. The loop gain tranfer function is defined as 


ire (1) 


As seen in Fig. la, the circuit is considered with the 
normal input impedance to the active amplifier, Z;, 
located on the left side of the break. This is an im- 
portant point in transistor amplifiers where the first 
transistor input impedance cannot, in general, be 
neglected. Fig. 1b shows how the loop gain transfer 
function may be evaluated on a current basis. It is 
easily shown that the current and voltage loop gains 
are identical so it is immaterial how the ratio is deter- 
mined." In transistor circuits it is often convenient to 
make calculations on a current transfer basis and 
therefore the loop gain as determined by considering 
the current form may be somewhat simpler to apply. 


The Junction Transistor High 
Frequency Equivalent Circuit 


As mentioned above, because of stability considera- 
tions, the high frequency characteristics of the trans- 
istor impose the fundamental limitations on the maxi- 
mum feedback which can be used in the circuit. A 
critical step in the stability problem, is, therefore, the 
determination of a suitable transistor high frequency 
equivalent circuit. In this regard it is important to 
recognize that a compromise between complexity and 
accuracy is essential if a suitable design procedure is 
to be arrived at. A highly accurate but complicated 
equivalent circuit of the individual transistor will be 
nearly useless if it is to be used in the design of a 
multistage amplifier. 

The central problem in the derivation of the equiva- 
lent circuit of a transistor is to relate the terminal cur- 
rents and voltages to the physical processes, i.e., the 
flow of carriers within the transistor. This is usually 
done in two parts as indicated in Fig. 2. The physical 
processes in the transistor are divided into two 
classes, “intrinsic” and “extrinsic”. (2) Included in the 
extrinsic class are the ohmic resistances to current 
flow in the semiconductor regions and in the lead to 
semiconductor contacts. Although there are three 
such extrinsic resistances, only the one associated 
with the base is usually of great importance in high 
frequency behavior. The reason is that the extrinsic 
base resistance T,’ tends to be large because it in- 
cludes the narrow base width as one dimension of its 
area. Also, r;’ is in a feedback position in the low im- 
pedance input circuit, At high frequencies in the case 
of grown junction transistors, the base spreading re- 
sistance must be replaced by an impedance repre- 


{This may be seen from the fact that the definition of loop 
gain makes the output and input terminations of the return- 
ratio network identical. In this case voltage and current trans- 
fer ratios are the same. 
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DIFFUSION 
TRANSISTOR 


Fig. 2—Configuration For Small Signal Equivalent Cir- 
cuit For Alloy Junction Transistor 


sentation as has been shown by Pritchard and Cof- 
fee.) 

Another phenomenon coming under the extrinsic 
category is the junction capacitance. This is due to the 
depletion of the charged carriers at the junction leav- 
ing a fixed double charge layer due to the ionized 
atoms. Since any change in junction voltage must be 
accompanied by a change in the width of the charge 
layer, the junction constitutes a capacitance. This 
capacitance is dependent upon the junction bias volt- 
age, becoming smaller for increasing bias voltage. Al- — 
though there are two junctions, and hence two junc- 
tion capacitances (C7,, Cr), the collector capacitance 
is of greatest importance since it appears both in the 
high impedance output circuit and in a feedback posi- 
tion in most transistor circuits. 

In addition to the extrinsic phenomena and their 
representations as circuit elements as discussed above, 
there exists the important diffusion phenomena which 
are represented in circuit form by the “intrinsic” 
parameters. The diffusion equation for the transport 
of carriers has been solved and simplified by Early.) 
The solution involves hyperbolic functions of the fre- 
quency and is expressed in the form of “y” param- 
eters for the connection of the transistor where the 
base is the common terminal. The combination of 
these intrinsic parameters with the extrinsic elements 
discussed earlier gives a remarkably complete circuit 
model of the transistor. 

Having obtained from the device workers a circuit 
which represents the device, the next step is to con- 
vert this to a form most useful to the circuit engineer. 
Since the common emitter connection is the most 
widely used basic configuration in low frequency 
junction transistor applications because of its high 
gain, parameters most convenient for this configura- 
tion are selected. Of the Many ways the common 
emitter circuit may be represented, one of the most 
useful is in terms of the “h” or hybrid parameters 
defined through the signal equations 


Vic = hite Ty + Nive ae (2) 
ie = hoie 7 oP hove Ve 


The common emitter “h” parameters are a good 
choice for the following reasons: 
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E 
(A) APPROXIMATE "h" EQUIVALENT 


(B) HYBIRD TT EQUIVALENT 


Fig. 3—Common Emitter Equivalent Circuits 


_ 1. They are defined in terms of input open circuit, 
output short circuit conditions which are com- 
patible with simple bias arrangements. 

- 2. In a cascade connection of common emitter cir- 
— , hese may often be neglected 
in the interstages and each individual stage is 
then considered as a current amplifier. 

‘When the extrinsic and intrinsic circuit representa- 
‘tions are combined in the circuit of Fig. 2, the h pa- 
rameters of Eq. (2) are then obtained. These still 
contain complex hyperbolic functions of frequency. 
However, if the frequency range is suitably restricted 
as stated specifically below, the four h parameters 
may be written as 


| cuits, since hii. » 


R; 
hire = rs - —— 
1+j7— 
Wh 
hore a rh 
1+j— 3) 
Wh 
] ‘Oe ¥ 
Nir = Niven + JoC rR ia 
1+j se 
Wh 
bo Cre * y 
here = hove + edi 6 BELG + jwC 7, 
1+ 7 oo 
Wh 


where 


Ria = Diffusion part of hi, at low frequencies. 
b, = he, at low frequencies. 
Nice0= Nive at low frequencies. 
Noxe0o= hee at low frequencies. 


Wh 


= 3 db cut-off frequency of he. 
27 


The above represents the junction transistor to fre- 
quencies satisfying 


Wh 


tp oe 


. 


The above four h parameters may be shown in circuit 
form. However, in most cascade arrangements where 
the load impedance on each device is small, hi2. may 
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be neglected, and the three parameter h equivalent 
as shown in Fig. 3a is most useful. It is, of course, 
true that other circuit representations besides the h 
equivalent may be used to represent the terminal 
properties of the transistor. Fig. 3b shows the “hy- 
brid x” equivalent suggested by Giacolletto’ and 
also used by circuit designers. This representation 
has the conceptual advantage that it resembles the 
high frequency equivalent of the vacuum tube (ex- 
cept for r;’ and R,). 

It is of interest to note the appearance of w, in all 
of the above equations. 

To summarize, the frequency behavior of a junc- 
tion transistor over a range from very low frequen- 
cies to frequencies somewhat lower than the alpha 

1.2b,0, 
cut-off frequency, aS 
equivalent circuit which contains lumped constants. 
The form of equivalent circuit most directly applic- 
able to the problem at hand is based on the common 
emitter h parameters which can be expressed in terms 
of the parameters 1)’, b,, wy, Ria, Cre and Rove. Of 
these, the first four are of primary importance in a 
cascade connection of common emitter or common 
base stages or when the load impedance on the tran- 
sistor is small. Because of the low impedance levels 
met in transistor circuits, distributed capacitances do 
not limit the frequency response of most transistor 
circuits of the type to be discussed, where typical 
values of @,/2x range from 10 to 200 ke. Of course, 
this statement can be expected to be less true as bet- 
ter devices become available. 


may be described by an 


The Transistor Stability Problem 


If a feedback amplifier consisting of 3 or more cas- 
caded identical common emitter stages and a resistive 
feedback network is constructed, the previous theory 
indicates that at least 270° phase shift around the 
loop may be expected and the circuit will therefore 
become unstable with less than 18 db of low fre- 
quency feedback. Although this statement neglects 
the frequency behavior of the input impedance of the 
active portion of the amplifier, the 18 db figure does 
give a realistic idea of the seriousness of the situation. 
Even though the loop gain function has a form similar 
to the case of cascaded resistance coupled tube cir- 
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cuits, from the point of view of designing stabilizing 
networks the following points in the transistor case 
should be clearly understood. 

1. The principal source of the degradation of re- 
sponse is in the diffusion process within the tran- 
sistor and is not available to the circuit designer. 

2. The loading effect of each transistor on the pre- 
ceding one is complex and must in general be 
taken into account in the design of stabilizing 
networks. 

If the loop gain function is of the minimum phase 
type (and this is true in any ladder network), then 
as has been discussed extensively by Bode, the phase 
shift response may be found from the amplitude re- 
sponse. Attention can the be properly centered upon 
the amplitude response function. If the network is of 
the low pass R-C type, then the poles and zeros of the 
response function will lie on the negative real axis 
of the complex s-plane. The amplitude response func- 
tion for the loop gain, in db, will then have the form 


K7z(w) = Kro =p IC log io 
(1+ ?7,2) (1+ rN... 5 Che wT) (4) 
(1+27,) + w?T,?) ... (1 + w?T,?) 


where Kyo is the zero frequency loop gain in db. A 
good deal of information about such a function may 
be given in simplified form through the use of the 
straight-line approximation or Bode diagram. The dia- 
gram consists of straight lines with various slopes. 
Slopes of —6 db per octave indicate —90° phase shift 
(or one excess pole active), a —12 db per octave 
slope indicates —180° phase shift or two poles active 
over the frequency range, etc. Regions of zero slope 
on the diagram indicate no net poles active while 
+90° phase shift regions show up as +6 db per octave 
slopes. The accuracy of the straight line representa- 
tion depends upon the degree of separation of the 
time constants and has been discussed in the litera- 
ture.) 

The purpose of the stabilizing networks is to bring 
the loop gain to unity (or zero db), before the phase 
shift becomes 180°. This means that everywhere 
above the intersection of the zero db line with the 
response curve the slope should be less negative than 
—12 db per octave. 

The addition of the simple series circuit R,-C, to the 
common emitter circuit as shown in Fig. 4 can help 
to accomplish the required attenuation characteristic. 


Fig. 4—Simplified Single Stage Equivalent Circuit With 
Shunt R-C Interstage 
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The complex current transfer function subject to the 
reasonable approximations indicated is 


Tp (1 + 72) (5) 
Jes el Agnes Fee) 
where 
Ww 
gp 
Wb 
m= Ria oy 
R. ae ne 
yn = ——— 
Ria 
p = RCo 


It is assumed that Ria > Rs, 7’, 
: 1 

ae 

We 


The Bode diagram of this stage is shown in Fig. 5. It 
is seen that the effect of the added network is not 
only to bring the gain down but also to extend the 
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Fig. 5—Straight Line Approximation to Response of 


Fig. 4. 


high frequency point at which the phase shift comes 
near 90°. The extent to which the high frequency 
break point is moved out is closely related to the 
amount of attenuation one has permitted between 
the low and intermediate frequency regions. If 7’, 
were zero a direct trade of gain for bandwidth be- 
tween the last break points using the above circuit 
would be possible (this is the case in simple vacuum 
tube interstages of this type). It can be shown that 
the direct exchange can be obtained even with non- 
zero 1y if, instead of the circuit R,-C, as shown in 
Fig. 4, a series R,-C,-L, combination is used. The in- 
ductance should be adjusted to satisfy 


ii 7 ee Ma fee 
Wp (Ria =F rs) 


From the above it is evident that 7’, is an important 
high frequency parameter in stability considerations. 
As mentioned earlier the equivalent circuit with real 
r’, is valid for alloy junction transistors. For grown 
junction units the quantity corresponding to 7’, is 


(6) 
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Fig. 6—Voltage Operational Amplifier 


complex and is not a rational function of jw so it is 
difficult to give a simple lumped circuit representation 
for this impedance over a wide frequency range. How- 
ever, the general behavior of h,,. for grown junction 
transistors may be described as an impedance magni- 
tude that is down 3 db from its low frequency value 
at about 1.7 f, and decreases thereafter at a —3 db 
per octave rate while maintaining a constant phase 
shift at about 45° lagging. It is difficult to compare 
this type of response with the alloy junction case at 
least with a view towards deciding which is the more 
favorable. The smaller slope of h;;, in the grown junc- 
tion case is unfavorable compared to the —6 db per 
octave slope found in this quantity over a wide fre- 
quency range in alloy junction transistors. However, 
the grown junction units have an advantage in that 
hii. continues to fall with frequency beyond the point 
where the slope becomes zero due to the constant 7’, 
in the alloy junction case. 


Illustrative Design 


The principles discussed above will be applied to 
the structure of Fig. 6. This type circuit is often used 
as an operational amplifier in analog computer cir- 
cuits. The analysis will concentrate on the network 
characteristics of the circuit, other problems such as 
drift will not be considered here. 

The loop gain for this configuration may be ex- 
pressed as 


Z’ Ry a 
K, = A; (—+— (7) 
Ry + 2’; R, + Z; 
where 
A; = Short circuit current amplification from ¢ to 0. 
Z', = Effective shunt impedance of the output circuit 
including the output impedance of the last 
transistor. 

Z; = Input impedance measured at the first transistor 

Z'; = Parallel combination of Z; and Ry. 
An important design parameter is the impedance 


level of the feedback resistors R; and R,. Since the 
objective is to make the loop gain as large as possible, 
it is desirable to adjust R, and R; so as not to waste 
the transistor gain available. If the impedances R, and 
R; are too large, loop gain is lost due to the shunting 
effect of Z;. If R, and R; are too small, the loop gain 
suffers due to the reduction of Z’;. An optimum im- 
pedance level criterion has been derived by maximiz- 
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ing Eq. (7) subject to certain reasonable assumptions 
about the loading on the circuit.‘® Although the de- 
tails of this need not concern us here, the results in- 
dicate that an efficient design will use smaller resis- 
tors in the feedback path than is normally encoun- 
tered in vacuum tube circuits (R; and R, should be 
on the order of 10 to 100 kilohms instead of the 
megohm levels found in tube amplifiers.*) 

From Eq. (7) it is evident that in addition to the 
frequency variation of the current gain, the frequency 
properties of the output circuit and the input im- 
pedance of the active amplifier must also be taken 
into account. Although it is tempting to try to ob- 
tain a large loop gain in the passband by using a high 
resistance load, this would result in the collector 
capacitance of the last stage playing a limiting role 
in the stability problem. From Fig. 3, the collector to 
base capacitance Cy, is seen to appear in the output 
circuit of the common emitter stage as b,C 7, in series 


. However, the equivalent 


with a resistance 
Wa Cre 

circuit of Fig. 3 is bad on the h parameters which 
are defined for the input open, output shorted condi- 
tion. At the higher frequencies the input circuit to 
each transistor consists of the small shunt resistance 
of the compensating network. Therefore, y22,, the 
output admittance of the transistor with input shorted 
is a better approximation to the frequency behavior 
of the transistor output impedance and it is this 
quantity which is used in Fig. 6. For the case of con- 
stant 7’, Yo can be represented by the same type of 
equivalent circuit as shown for hy, in Fig. 3 except 
that the capacitance b,C7, should be replaced by 
yb,Cr- where 


R's 
R', aig R id 


(R’;, is the sum of r’, and the resistance R, of the com- 
pensating network). In the case of grown junction 
transistors the situation is qualitatively the same but 
due to the complex nature of Z’, the above theory 
cannot be expected to hold exactly. Since y is smaller 
than unity, the collector capacitance of the output 
transistor does not become an important factor until 
frequencies approaching 


1 

f 2a 7 b.CrRxr 8) 

Fig. 7 shows a circuit diagram of an amplifier using 
five junction transistors. The circuit as it stands could 
be used as a high accuracy inverting or summing am- 
plifier in a 60 cps. computing system. If the R-C bias 
circuits in the emitters of T; and T; are replaced by 
breakdown diodes or a third power supply, the circuit 


+The optimum impedance level is given by 


ara! 
Rs =y/ 22. - 


Where Z, is the open loop output impedance and k is Rr Itis 


s 
assumed the load on the amplifier is iterative, i.e., equal to R;. 
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NOTE: ALL RESISTORS IN KILOHMS 
ALL CAPACITORS IN mf 


Fig. 7—Circuit Diagram For 5 Transistor Amplifier 


would function as a high performance d-c amplifier. 
The possibility of using alternate p-n-p and n-p-n 
transistors to eliminate the need for interstage resist- 
ance networks is an advantage of transistor over 
vacuum tube circuits. The input circuit is an emitter 
coupled amplifier. This configuration was chosen 
because of its drift reduction possibilities and the fact 
that a chopper signal can be easily introduced on the 
base of T.. The transistors T3, T, and T; may be con- 
sidered in the common emitter connection above 10 
cps. 

The stability and frequency response of the ampli- 
fier is dependent upon the characteristics of the trans- 
istors which are shown tabulated in Table I. 


Table I 


Measured Network Parameters of Transistors 
at 1000 cps. (|V.| = 5v, I. = 1 ma) 


Transistor No. 


in Circuit Type b. f, (ke) Chie) 
1 2N43 56 14 2100 
7) 2N43 50 14 1850 
3 TI201 36 74 1200 
4 2N204 92 8.7 3300 
5 T1201 54 54 2000 


The loop gain transfer function can be written as 


K, = K, ais is (9) 
iy-+- Z’,] \R, + Z; 


Eq. (9) is a useful form for comparison with experi- 
ment and is entirely equivalent to Eq. (7). The error 
point gain K, defined as the ratio of E, to E,. is easily 
measured and K;, may be determined through Eq. (9). 
A plot of the loop gain response from measured data 
of K. as well as the calculated response using values 
from Table I is shown in Fig. 8. In making the calcu- 
lations it was necessary to take into account the ef- 
fects of the operating points of the transistors on their 
small signal parameters. The design of the interstage 
networks is straightforward, the break points are 
staggered so that the slope of the attenuation is kept 
more positive than —12 db per octave. The last break- 
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point corresponding to a zero in the loop gain was 
chosen at the frequency at which the high frequency 
properties of the transistors begin to become im- 
portant. This is at about 25 kc. where the loop gain is 
12 db and the attenuation characteristics above this 
frequency may be described using Eq. (7). The fol- 
lowing quantities are of importance at frequencies 
above the last breakpoint of the interstages. 

1. The current gain A, has a simple pole giving a 
breakpoint at 14 ke. This is due to the current 
gain response of T}. i 

2. The pole mentioned in 1. is cancelled by a zero 
due to the frequency variation of Z; and is re- 
placed by a pole having its breakpoint at about 
26 ke. 

3. The effect of the interstage networks is to move 
those breakpoints of the current gain which occur 
at the higher frequencies out to several times 
the corresponding values of oe This is true for 
the alloy junction transistors. For the grown 
junction units the high frequency current gain 


starts to drop at oe at the rate of —3 db per 


octave and the limiting phase shift is —45°. 
The above discussion describes the important para- 
meters which determine the high frequency behavior 
of the loop gain. 

The measured closed loop response (both ampli- 
tude and phase) is shown in Fig. 9. The amplitude 
response is flat within 3 db to 64 kc. and the phase 
shift is smaller than .5 degrees to 600 cps. 

These numerical results are of course dependent 
upon the properties of the transistors used and better 
performance than reported above is readily possible 
by using higher frequency transistors. If appreciable 
power were required in the output so that a power 
transistor was needed in the last stage, then the de- 
sign procedure should take into account the poor high 
frequency performance of most power transistors. In 
this case a simple procedure is to design the inter- 
stage networks to provide all their attenuation before 
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LOOP GAIN (db) —> 


Fig. 8—Loop Gain Response of Amplifier of Fig. 7. 


the cut-off frequency of the power transistor. How- 


‘ever, the loop gain need not be brought to zero db at 
this frequency. The —6 db per octave roll-off of the 


power transistor can safely dispose of the several db 


RELATIVE GAIN IN db 


~— PHASE SHIFT IN DEGREES 


Fig. 9—Closed Loop Response of Amplifier of Fig. 7. 


of gain before the other circuits add the critical phase 
shifts. 


Acknowledgement 


This work was supported in part by the Rome Air 
Development Center, U.S. Air Force. 


References 


1.“Network Analysis and Feedback Amplifier Design”, H. W. 
Bode, D. Van Nostrand Co., 1945. 

2.“Design Theory of Junction Transistors”, J. M. Early, BSTJ, 
November, 1953. 

3. “Small Signal Parameters of Grown Junction Transistors at 
High Frequencies”, R. L. Pritchard and W. N. Coffey, Con- 
vention Record IRE Part 3, 1954. 


4. “Performance of R. F. Alloy Junction Transistors in Different 
Circuits”, L. J. Giacoletto, Transistors I (Book) RCA Labora- 
tories. 

5.“Theory of Servomechanisms”, James, Nichols, Phillips, p. 
171, Vol. 25, Rad. Lab. Series, McGraw-Hill Book Company. 

6. “Applications of Transistors in Analog Computing Circuits”, 
H. Hellerman, PhD Thesis, Syracuse University, 1955. 


Statice Characteristics of ‘Transistors 
A. W. CARLSON* 


The effects of various voltage and current parameters on the operation of transistors are 

of interest in order to predict behavior at conditions other than those specified in the 

manufacturer’s data. In this article such effects are described and illustrated by nine sets 

of characteristic curves for the basic transistor configurations. The discussion is intro- 

duced by showing first an ideal transistor, and then adding to it external elements repre- 

senting base lead resistance and leakage resistance shunting the collector-base junction 
in order to closely approximate an actual transistor. 


[Tear sheets of this article are available on written request | 


are presented by the manufacturer in the form 
of charts showing the output characteristics, 
input characteristics and transfer characteristics. The 
output characteristics are plots of collector current 
versus collector voltage with either input current or 


T= D-C OR STATIC CHARACTERISTICS of transistors 


*This article is part of a project undertaken by Mr. Carlson 
for CBS-Hytron, while a member of its semiconductor applica- 
tions engineering department, to produce a series of articles 
covering transistor parameters and circuitry and has been 
released by CBS-Hytron for publication in SEMICONDUCTOR 
PRODUCTS. Mr. Carlson is presently Director of Research for 
Transistor Applications, Inc. 
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input voltage as a parameter and are analogous to the 
plate characteristics of a vacuum tube. The output 
characteristics may be for the common-base or com- 
mon-emitter configurations with the latter being the 
more popular. The input characteristics are usually 
in the form of input voltage and current with collector 
voltage as a parameter. A curve showing large-signal 
collector-to-base current gain (beta) as a function of 
collector current is usually part of the data character- 
izing power transistors. 

Transistors are not unilateral devices as are vacuum 
tubes at low frequencies. For example, the output 
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Fig. 1—Ideal transistor showing the positive directions 
of currents and voltages. 


REAL TRANSISTOR 


if IDEAL | TRANSISTOR] 


Fig. 2—Elements added to the ideal transistor as an 
approximation to a real transistor. 


impedance of a transistor is dependent upon the 
source impedance. Thus the output characteristics 
with input current as a parameter (infinite source 
impedance) may be vastly different from the output 
characteristics with input voltage as a parameter (zero 
source impedance). 

The transistor characteristics are usually given for 
some particular temperature such as 25°C. At other 
temperatures the characteristics differ mostly in the 
form of being shifted in the V-I plane. 

An understanding of the relationships of voltages 
and currents in the transistor and the effects of tem- 
perature variations is important in order to predict 
transistor behavior for conditions other than those 
specified in the manufacturer’s data. The situation is 
analogous to that of the pentode vacuum tube where 
the plate characteristics are presented for a constant 
screen voltage. Here a knowledge of vacuum tube 
theory enables one to determine the effects of opera- 
tion at other values of screen voltage. 

In power applications transistor voltages and cur- 
rents vary widely. Small signal equivalent circuits 
based on small variations about an Operating point are 
not really applicable to power amplifiers. They may 
be useful in making comparisons between circuits or 
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ate 259 Ca tees 
kT 


in providing an insight to circuit performance but for 
detailed representation of the large signal conditions 
they are inadequate. Large signal non-linear equations 
may be used to represent the transistor. 


Ideal Current-Voltage Relationships . 

Ebers and Moll have shown that for the “intrinsic” 
or ideal transistor the relationships between currents 
and voltages may be expressed as follows. 


Ie = fie (chez — 1) — Sale (e\¢c — 1) (A) 
¥ 1 — ayay 1 — ayar 
Io, = _ antag (e\?r — 1) — Feo (e\¥e — 1) (2) 
1 — ayar 1 — ayarz 
Ipi = Ini = Lei = esas IES” (eA?z — 1) 
1 — ayar 
(1 — ar) Leo 


(e\¥e — 1) (3) 


| 1 pan UNCLE 

The positive directions of voltages and currents are 
chosen as shown in Fig. 1 for a p-n-p transistor. The 
same equations hold for n-p-n transistors with all volt- 
ages and currents reversed. In these equations Igo is 
the collector current in the reverse biased collector- 
base junction for zero emitter current and Io is the 
current in the reverse biased emitter-base junction for 
zero collector current. Both Izg and Ig are taken as 
positive quantities. ay is the short circuit d-c collector- 
eee 

Ip 

similar current gain with the roles of emitter and 
collector interchanged, and has a value of about 39 V 


emitter current gain =( y ) and O7s1Sea 
é 


on and ¢¢ are voltages across the 


emitter-base and collector-base junctions. The alphas, 
Ino and Igy are related by &JIo) = ¢yIz). The subscript 
“?” has been used to indicate that the equations apply 
to an ideal transistor. 

From Equations (1), (2), and (3) it is seen that I, 
may be expressed in terms of Ir: and Ini as 


loi = anl ny; ray Ico (e\¥c oz 1) (4) 
and 


Loe (e\ec — 1) 
ad 
= 8la;—. (8 4- Wiles (ete — 1)" 6) 

When the collector junction is reverse biased by a 
few tenths of a volt, e\%- becomes negligibly small 
and may be dropped from the equations. 

All of the above equations apply to an ideal transis- 
tor and as such do not adequately represent actual 
transistors. For instance, they indicate that when the 
collector junction is reverse biased, the collector cur- 
rent is independent of the collector voltage, which is 


equivalent to saying that the collector impedance is 
infinite. 


aN 
‘i Te Tp: Th 
1 Tar ogy 
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Representation of the Real Transistor 


The real transistor may be approximated more 
accurately by adding external elements to the ideal 
transistor, the most important being the base lead 
resistance, r,,, and a leakage resistance, r,, shunting 
the collector-base junction as in Fig. 2. A similar leak- 
age resistor could be shown shunting the emitter-base 
junction but for most applications the emitter-base 
junction is forward or only slightly reverse biased, 
justifying its omission. The base resistance, 1)’, varies 
somewhat with collector current and temperature but 
will be assumed constant. It decreases somewhat as 
collector current increases and may increase or de- 
crease with temperature rise, depending upon the base 
material and the operating temperature. It will be 
assumed that maximum reverse collector voltages are 
sufficiently below the breakdown voltage so that ava- 
lanche multiplication effects may be ignored. In Fig. 2 
the currents having the subscript “i” are those for the 
ideal transistor and those without subscripts refer to 
real transistors. The leakage resistance, r,, will be 
assumed to be very much larger than the base lead 
resistance, r»,’. Small series resistances can be inserted 
in series with the emitter and base leads to represent 
resistance of the emitter and collector regions but for 
the power transistors under consideration these are 
negligibly small. 


Common-Base Characteristics 


The common-base collector characteristics as ob- 
tained from Fig. 2 are shown in Fig. 3. The effect of 7); 
is to depress the breakpoints of the constant I, curves 
below the current axis. The transistor in the common- 
base configuration may operate in the active region 
with no external collector supply voltage or even 
slightly reversed collector supply voltage due to the 
voltage drop across the base lead resistance. The effect 
of the collector leakage resistance is to make the slope 
of the constant I, curves finite in the active region— 
the output resistance being approximately r,. When 
the emitter current is zero or the emitter reverse 
biased, the transistor is said to be cut off. When both 
emitter and collector junctions are forward biased, 
the transistor is operating in the saturated region. The 
cutoff and saturated regions are indicated by shaded 
areas in Fig. 3. In the saturated region the slope of 
the constant I, curves is the sum of the impedance of 
the forward biased collector junction and r,,,’ and thus 
approximately 1),’. 

The common-base collector characteristics with Vy, 
as a parameter are shown in Fig. 4. The slope of the 
constant V, curves (output impedance) varies widely 
in the active region from r, for negative V, and ap- 


proaches Core as collector current is increased. The 


constant V, curves are not linear in the active region 
as are the constant I, curves, since the slope decreases 
with increasing collector voltage. Nor is the transcon- 


ductance ( ae 


Y = (7 w) constant but varies from 
c 


Ve 
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AG gala ~ Vig) re) at low values of collector current, 


approaching as at high values of collector current. 
bb 

The variation in transconductance with collector cur- 
rent is reduced by the drop-off in 8 with increasing 
collector current, making the transconductance more 
nearly constant than it would be if 8 were independent 
of collector current. In the saturated region, the out- 
put resistance is very low, approaching the sum of the 
forward resistances of the emitter and collector 
junctions and therefore may be only a fraction of an 
ohm for the larger values of Vp. 

The input characteristic with Vg as a parameter 
is shown in Fig. 5 for the collector junction reverse 
biased. The effect of Vy is to produce a family of 
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Fig. 3—Common-base collector characteristics with I, 
as parameter. 


Ve NEGATIVE 
Slope fc 
Ve 
Ve=0 


Gul = Al@ctor= tes) 
V=0 Arby 
1+ B (I¢ «)-Ies) 


<-iNITIAL SLOPE 
BtAr pp (Te(o)“Tes) 
'c B+Arpb Ceio-2es) (+1) 


(Ie (oles) bb’ : 
AI cio)" bb 
Cum 


ERY LOW 


“_V 
RESISTANCE 8B 


Fig. 4—Common-base collector characteristics with Vy, 
as parameter, 
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Fig. 5—Common-base input characteristics with Vo as 
parameter. 


yo! 
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r 


were zero, or if r, were infinite, then the input char- 
acteristic would be represented by a single curve. 
Actually the vertical displacement between the input 
characteristics may not be great in power transistors. 
Forsexample, the V¢—0 and V>o=-10 volt curves 
would be separated by .01 volt in a transistor having 
an Tyy’ of 10 ohms and an r, of 10,000 ohms. 


Common Emitter Characteristics 


The common-emitter output characteristics with I, 
as a parameter are shown in Fig. 6. In the active re- 


gion, the slope of the constant Ip curves is —‘e_ 


Sc tad | 


which is considerably lower than that of the constant 
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Fig. 7—Common-emitter output characteristics with V;, 
as parameter, 
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Fig. 6—Common-emitter output characteristics with I,, 
as parameter. 
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REGION 
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In curves for the common base characteristics. It is 
also seen that the collector saturation current is in- 
creased by a factor of (B + 1). When the transistor is 
cut off, the conditions are the same as in the common- 
base configuration. In the saturated condition the out- 
put impedance is very low (less than an ohm) and 
is made up of the sum of the forward impedances of 
the emitter and collector junctions. The collector volt- 
age in the saturated region is also very low; it is the 
difference between the voltage across the collector 
junction and the emitter junction. This property of 
low collector voltage in the saturated region contrib- 
utes to the efficiency of the transistor. 


Figure 7 shows the common-emitter characteristics 
with V; as a parameter. In the active region the char- 
acteristics are identical with those for the common- 
base with V;, as a parameter, i.e., the transconductance 
and the output resistance are the same. The output 
resistance varies from r, for low values of collector 


current and approaches —"< 


; for high values of col- 


lector current. Thus the output resistance for the com- 
mon-emitter configuration for zero input source im- 
pedance (or for finite source impedances) is always 
higher than when driven from a current source. At 
high values of collector current, the output impedance 
is relatively independent of the input source imped- 
ance. In the saturated region the output impedance is 
essentially the same as that of Fig. 6. 


The common-emitter input characteristic is sketched 
in Fig. 8. It is seen that as the base current is increased, 
changes in collector voltage have little effect on the 
input characteristic. It is also seen that the input 


resistance approaches 1,’ as the base current is in- 
creased. 
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Fig. 8—Common-emitter input characteristics with V, 
as parameter. 


Transfer Characteristic 


The transfer characteristic applicable to both com- 
mon-emitter and common-base configurations is 
sketched in Fig. 9. The effect of increasing the col- 
lector voltage is to displace the transfer characteristic 
to the left and upward by an amount dependent upon 
collector current, current gain, base lead resistance, 
leakage resistance and the change in collector voltage. 
As the leakage resistance is increased, the shift in the 
transfer characteristic with a change in collector volt- 
age is decreased. For the ideal transistor having 
infinite leakage resistance the transfer characteristic 
is independent of collector voltage. The drop off in § as 
the collector current is increased tends to make the 
voltage transfer characteristic more linear than it 
would be otherwise. At high collector current, the 


transconductance approaches a, 


Tbb 
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Fig. 10-—Common-collector output characteristics with 
I, as parameter. 
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Fig. 9—Transfer characteristics for common-emitter or 
common-base configuration. 


Common Collector Characteristics 


The output characteristics for the common-collector 
configuration are shown in Fig. 10 and 11 with I, and 
Vy as parameters. From Fig. 10 it is seen that the 
characteristics for constant Ip are practically the same 
as the characteristics for the common-emitter configu- 
ration with I; as a parameter. The output character- 
istics of Fig. 11 having V,; as a parameter show that 
the output impedance when driven by a low imped- 


/ 
ance source may be very low, approaching a r 


The linearity of the common-collector configuration is 


very good when driven by a low impedance source. 
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Fig. 11—Common-collector output characteristics with 


V,, as parameter. 
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Studies of Semiconductor Materials 


Using a Vacuum Microbalance 


DR..5» PWOLSKY= 


In order to make reliable semiconductor devices, it is necessary to obtain information con- 
cerning the basic properties of the semiconductor materials. A very sensitive quartz micre- 
balance housed in an ultra-high vacuum system is used in the investigation of germanium 
and silicon. A detailed description is presented of the microbalance, its associated apparatus, 
and the general experimental technique. Studies of sputtering, oxidation, and surface re- 
generation phenomena, as well as other applications of the microbalance, are discussed. 


[Tear sheets of this article are available on written request] 


devices, it is necessary to possess information 
concerning the basic properties of the semicon- 
ductor materials. These properties may be separated 
into the general categories of (1) bulk and (2) sur- 
face. Although the bulk and surface properties may 
usually be studied independently, the observed be- 
havior of a device is due to the net effect of both. In 
fact, as the understanding and ability to control bulk 
properties progressed, it became very apparent that 
the surface effects predominated to the extent that 
they essentially determined the device performance. 
With this recognition there came an increased efiort 
devoted to the study of the surface properties of 
semiconductors, specifically germanium and silicon. 
The surface investigations have been devoted to 
(1), a study of the electrical properties as-determined, 
for example, from conductivity measurements,! and 
(2), the determination of the chemical nature of the 
surface, as deduced from kinetic and adsorption?.3 
experiments. The electrical behavior has been studied 
extensively so that the nature, density, and position 
of the energy states at the surface of germanium and 
Silicon are fairly well known.145 Unfortunately, the 
understanding of the chemical nature of these sur- 
faces has not progressed as rapidly, with the result 
that it is still not possible to prescribe the treatment 


necessary for the attainment of the optimum surface 
for device operation. 


| N ORDER TO DESIGN and make reliable semiconductor 


Advantages of the Vacuum Microbalance 


In considering the techniques available for obtain- 
ing adsorption and kinetic information, it is necessary 
to determine not only the most sensitive method but 
also that which could be readily adapted to other gas- 
solid studies. In this respect it is found that one of the 
most powerful experimental tools for the investigation 


* Raytheon Manufacturing Company, Research Division, 
Waltham, Massachusetts 
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of gas-solid reactions is the vacuum microbalance. 
The apparatus consists essentially of a very sensitive 
quartz microbalance which operates directly in vac- 
uum and provides a continuous record of the experi- 
mental process. With this gravimetric technique, it 
is possible to work with samples of about 10 sq. em. 
total surface area. The necessity of working with com- 
paratively large area powdered or crushed samples 
demanded by the more conventional volumetric 
adsorption techniques is eliminated. Experiments with 
single crystal slices allow the detection of differences 
in behavior due to crystal orientation. Such studies 
have been very successfully performed using copper 
and zine.® The vacuum microbalance apparatus also 
satisfies the requirement of versatility. As shall be 
illustrated below, although originally set up chiefly 
for the determination of the oxidation kinetics of 
germanium and silicon, the same apparatus has been 
used in this laboratory to determine the solubility of 
gases in solids* and the effect of positive ion bom- 
bardment on solids.7 


Construction of the Balance 


Since the technique is quite interesting it will be 
described in detail. The balance used in this work has 
been designed after that of Podgurski,* Gulbransen,? 
and Rhodin.* The very sensitive quartz microbalance 
has been set up in an ultra-high vacuum system. 
Fig. 1 presents a schematic representation of the 
balance. The precision-made quartz beam (0.075 in. 
diameter) is supported on a 0.001 in. tungsten wire. 
The end supports are 0.0005 in. tungsten wire. The 
wires are joined to the beam and quartz frame with 
fused silver chloride. Iron cores sealed in small quartz 
sections allow external manipulation of the balance 
arrests by means of a small magnet. Static charge 
effects are eliminated by a ground connection to a 
conductive coating of platinum or gold evaporated 
onto the balance. The balance tubes are also grounded 
through an aduadag film. Weight changes are fol- 
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lowed from observation of the deflection of the beam 
ends on the fixed scale in the eyepiece of a specially 
designed comparison-type microscope. The balance is 


calibrated by measuring the deflection from an ob- 


served zero point caused by known weight differ- 
ences. Due to the careful design of the balance and 
associated system, buoyancy effects are less than the 
sensitivity at all pressures used. The capacity of the 
balance is one gram. Weight differences of 0.1 micro- 
grams (less than three billionths of an ounce) can be 
reproducibly detected. Such sensitivity is necessary 
for a study of the infinitesimal quantities of surface 
impurities which markedly affect the properties of 
semiconductor devices. Fig. 2 is a photograph of the 
quartz balance. A detailed discussion of the design of 
this type of balance may be found elsewhere. °° 


Vacuum System 


The vacuum microbalance system is represented 
schematically in Fig. 3. The balance is enclosed in a 
Pyrex case which is connected through a double 
liquid nitrogen trap with two mercury diffusion 
pumps (Nottingham type) working in series. The 
balance case and hangdown tubes are thermostatted. 
After a bakeout of 12-36 hours, a vacuum of 5x10-1° 
mm is usually obtained as read on the Westinghouse 
WL5966 Bayard-Alpert ionization gauge. This gauge 
also serves as an ion-pump in the very low pressure 
region. Only metal valves capable of withstanding 
bakeout are used. No stopcocks or greased joints are 
allowable if the attainment of very low pressure is 
desired. The bakeout temperature is limited by the 
fused silver chloride which exhibits plastic flow at 
300°C. Molybdenum and titanium getters are used 
to reduce further the partial pressure of oxygen. 
The concentration of oxygen, therefore, is usually less 
than one ten billionth of the total atmosphere in the 
system. 

The sample is placed 22 inches below the balance 
beam by means of a 0.002 in. tungsten wire suspended 
from the beam-end cross wire. The specimen faces are 
parallel to the enclosing hangdown tube sides. The 
sample is heated with a small external heater which 
slides up around the hangdown tube. The quartz 
tubing in the sample region allows the use of tem- 
peratures of up to approximately 1200°C. The lowest 
temperatures at which measurements were made was 
—195°C (the boiling point of liquid nitrogen). This 
type of balance, however, has been used successfully 
even at liquid helium temperatures.'” 

The balance is connected to a gas handling system 
through a metal valve and a series of break-off tips. 
In this region, pumped by its own vacuum system, 
manometers, ion gauges, and calibrated volumes are 
available for the preparation of gas samples of known 
pressure. Although stopcocks are used here, the sys- 
tem is thoroughly outgassed prior to an experiment 
and the gases passed through two liquid nitrogen 
traps and a freshly flashed molybdenum getter, if 
desired, prior to admission to the sample area. Mass 
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Figure 1—Schematic Representation of Quartz Micro- 
balance 


Figure 2—Quartz Microbalance 
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Figure 3—Schematic Representation of Vacuum Micro- 
balance System 


spectroscopic grade gases were used in all experi- 
ments. Figs. 4,5, and 6 are photographs of the vacuum 
microbalance and gas handling systems and associated 
apparatus. 


Sample Characteristics 


Single crystal oriented samples are used in all ex- 
periments. The germanium and silicon samples are 
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Figure 4—Vacuum Microbalance System 


chemically etched with CP-4 to remove at least 0.005 
in. from each face, The final sample plates are 0.002 
to 0.004 in. thick and weigh approximately 0.3 grams. 
Geometric sample areas are 10-15 square centimeters. 
The actual surface area as determined by low tem- 
perature adsorption (—195°C) of krypton or nitrogen 
is about 1.5 to 2 times greater than the geometric area. 

This is 10 to 100 times the area of a spherical coun- 
terbalance made of the same material as the sample 
plate and matched to within 10-100 ug of the weight 
of the plate. The counterbalance is held in a small 
platinum wire basket and suspended from the bal- 
ance by means of a 0.002 in. tungsten wire. 


Handling the Balance 


The construction and handling of the balance re- 
quires a steady hand and considerable patience. The 
0.0005 in. and 0.001 in. tungsten wires are sealed un- 
der tension to the balance by means of a small micro- 
torch. Placing the sample on the balance requires 
extreme care for the slightest strain on the very fine 
cross wires may alter the sensitivity of the balance 
or even cause the wire to break. Breaking of any one 
wire requires removal of the balance from the Sys- 
tem for repair. Since no stopcocks or ground joints are 
used, considerable glass blowing skill is required in 
assembling the system. For example, in sealing the 
sample into the system, the glass-to-glass seal of the 
hangdown tubes is made with the sample in position 
suspended from the balance by the fine tungsten wire. 

Since in adsorption studies the observed weight 
change is obviously dependent upon the surface area 
of the sample, increased sensitivity, desirable in some 
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instances, may be gained by use of powder samples. 
However, with powdered or crushed surfaces, an 
uncertainty concerning the orientation of the crystal 
faces is introduced. Active sites due to increased 
number of corners, edges, and damaged surfaces may 
also have a significant effect upon the experimental 
process. 


Positive lon and Electron Bombardment of Sample 


Provisions were made for positive ion and electron 
bombardment of the sample. A tungsten filament and 
two molybdenum plates are mounted on a standard 
four-pin tube base sealed into the bottom of the sam- 
ple hangdown tube. A metallic shield was placed 
above the filament to prevent evaporated tungsten 
from depositing on the sample. All metal parts were 
thoroughly outgassed prior to use. Mass spectroscopic 
argon was further purified as described above prior 
to being admitted to the microbalance system. The 
pressure prior to admitting the inert gas was usually 
10-° mm or less. All bombardments were at an argon 
pressure of 10-* to 10-* mm. 

With the grid plates +275 volts, an ionizing elec- 
tron current of 10-50 ma. was drawn by varying the 
emission of the filament. The ions formed were at- 
tracted to the sample on which potentials of up to 
850 volts were placed through the balance ground 
connection. The balance beam was arrested during 
the experiments. The bombardments were at constant 
voltage and ion current conditions with the ion cur- 
rents being adjusted by varying the filament emis- 
sion. 


Sputtering Experiments 

In order to obtain a basic understanding of semi- 
conductor surfaces, it is necessary that the surfaces 
studied be atomically clean. This requires that the 
surface have no residual oxide or adsorbed impurities. 
Such surfaces may be prepared by several different 
methods. In the cases of germanium and silicon the 
most widely used technique has been that of sputter- 
ing surface layers by positive ion bombardment using 
an inert gas such as argon. Most of the microbalance 
work has been with surfaces prepared in this manner. 

While employing the vacuum microbalance to study 
the oxidation kinetics of clean germanium surfaces, it 
became apparent that the experimental method could 
be readily adapted to an investigation of the physical 
sputtering of solid surfaces by positive ions. Such an 
investigation’ provided actual data as to the rate of 
removal of germanium during the ion-bombardment 
procedure used by most investigators to prepare clean 
surfaces. Oxidation data obtained with the sputtered 
surfaces provided additional information as to the 
cleanliness of the bombarded surfaces. Such informa- 
tion was very pertinent since there has existed a con- 
siderable controversy over the nature of the bom- 
barded surface. 

The positive ion bombardment of a solid surface 
results in the physical phenomenon of sputtering, i.e., 
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removal of the material through collision with the 


_bombarding ion. The use of direct weighing methods 
_ to determine rates of sputtering is not new; however, 
_in general, other workers have not had sufficiently 


sensitive weight-determining methods or the ex- 
tremely pure discharge conditions necessary for work 
in a low pressure gas discharge. Previous sputtering 
investigations have usually been in the range of at 
least several ma/cm? densities, whereas in this work 
the current densities were 1 to 12 wa/cm?. The use of 


the microbalance in an ultra-pure environment re- 


vealed that, contrary to past evidence, efficient sput- 
tering, i.e., one atom removed per impinging ion, 
could be obtained at low current densities. 

The sputtering experiments were performed with 
the apparatus and method described above. 10'* to 10!8 
ions were involved in the bombardment process. The 
sample was baked at 450-600°C for up to one hour 
following the bombardment in order to anneal the 
atomically disturbed surface and to remove any gas 
which was adsorbed or trapped by the sample during 
the bombardment. Weight changes were recorded at 
various stages of the process. 

In order to obtain significant results in a low pres- 
sure discharge, it is necessary to satisfy the following 
conditions. (1) The rate of ions striking the target 
surface must be greater than the rate of surface 
poisoning by adsorption of impurities from the en- 
vironment. This condition was satisfied by our use of 
ultra-high vacuum and getter techniques. (2) The 
mean free path of the bombarding ions must be 
greater than the thickness of the positive ion sheath 
which forms around the sample so that energy is not 
lost by collisions in the sheath region. In our experi- 
ments the thickness of the ion sheath as calculated 
from the Langmuir-Childs space charge equation was 
always less than the mean free path. 

Figure 7 is a plot of the rate of sputtering of Ge in 
ug/millicoulomb as a function of ion energy. The oxi- 
dized point shows the marked effect upon the rate pro- 
duced by the existence of an oxide film on the sam- 
ple surface. This illustrates the necessity for a high 
degree of cleanliness if accurate data is to be obtained 
and shows the importance of the nature of the target 
surface. Such metals as aluminum were originally 
thought not to sputter but with the removal of its 
strongly bound surface oxide, the rate of sputtering 
was observed to be comparable with other metals."! 
It is seen that the rate dropped rapidly in the region 
of 100 volts till at about 50 volts there was no meas- 
urable sputtering. The energy at which the sputtering 
process stops is called the threshold energy. The 
threshold value, being dependent upon surface con- 
dition, is not well defined. Atoms at corners, disloca- 
tions, and grain boundaries may be more weakly 
bound and consequently somewhat easier to remove. 
It has been found, however, that the threshold ap- 
pears to follow an empirical law for normal ion in- 
cidence.!” 
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Figure 5—Vacuum Microbalance in Operation 


Figure 6—Gas Handling System and Associated Apparatus 
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Figure 7—Rate of Sputtering in Germanium 


39 


M,i M2 


V, is the threshold energy M, and M, are the atomic 
weights of the ion and metal respectively, v; is the bulk 
sound velocity of the metal, and ¢ is the heat of sub- 
limation of the metal. That the threshold value is a 
function of angle of ion incidence and also follows a 
law in which the elastic constants are important, in- 
dicates that low energy sputtering occurs according to 
a momentum transfer process. 

Low current density measurements are of value in 
understanding sputtering mechanisms. Because of the 
low density of ions arriving at the surface, it is very 
unlikely that more than one ion is involved in the 
removal of one atom. For example, at 5 ua/em?, each 
surface atom would receive an impact on the average 
of every 33 seconds. An efficiency of one for the bom- 
bardment process indicates that either almost every 
ion collision is successful in removing a surface atom 
or that more than one atom is removed per ion impact. 

The ion bombardment technique also has certain 
practical applications. For example, knowledge of the 
rate of sputtering as a function of ion energy allows 
one to use the ion-bombardment as a micro-machining 
technique. The method is also generally used in semi- 
conductor device fabrication for the removal of sur- 
face layers prior to the evaporation of doping mate- 
rials onto the surface. 


Ee x 10° (M, + M,) |" 
Vo= : : 


Oxidation Kinetics 


Oxidation data obtained immediately following the 
bombardment provide additional information concern- 
ing the nature of the bombarded surface. Typical oxi- 
dation data at both 3 mm and 0.1 mm pressures for 
germanium and silicon surfaces is presented in Fig. 8. 
The kinetics are similar to those expected for mono- 
layer adsorption, ie., adsorption on a clean surface, 
with the total oxygen uptake consistent with the 
original surface being clean to some fraction of a 
monolayer of oxygen. 

The oxidation kinetics of ion-bombarded german- 
ium surfaces have been studied over an oxygen pres- 
sure range of 10° to 3 mm."*:!4 In general, at pres- 
sures above 0.1 mm, the process consists of an 
immediate oxygen uptake to form the first chemi- 
sorbed layer, followed by a slower process due to the 
formation of the second layer of oxygen, i.e., two oxy- 
gen atoms per surface atom. The second layer forma- 
tion has been found to follow the logarithmic law 

N = 14 x 10" logy) t + 8.4 x 1014 

at 0.1 mm pressure of oxygen and 25°C where N is 
the number of oxygen atoms adsorbed per square cm. 
of surface in t minutes of exposure to oxygen. This 
general behavior has been observed by the author'4 
and others,’'® at oxygen pressures up to 75 mm. It 
has been shown elsewhere! that such a logarithmic 
rate law, generally referred to as an Elovich type, can 
be used to describe the interaction of a gas and a 
solid surface for many different systems. 
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Figure 8—Oxidation of Germanium and Silicon 


At pressures of about 10-® mm, the adsorption of the 
first layer of oxygen on germanium is so slow that the 
kinetics of the process can be observed. From such 
data,!* it has been found that the sticking coefficients 
(S) of oxygen on germanium, i.e., that fraction of the 
total number of atoms striking a surface which are 
adsorbed by the surface is of the order of 10-° at a 
coverage of 0.1 monolayer decreasing to less than 
10-* at monolayer coverage of oxygen. Other workers 
using electron diffraction techniques for studying 
germanium surfaces have reported similar values for — 
S. That S for oxygen on germanium is so low (S = 
0.5 for nitrogen on tungsten) has been used by some!® 
to support the contention that ion-bombarded sur- 
faces are not atomically clean. 

Preliminary experiments with silicon show the 
kinetics of chemisorption of the second layer of 
oxygen to be very similar to those for germanium.!*)!9 
No value for the sticking coefficient has yet been pub- 
lished. 


Providing Clean Surfaces 


One of the most interesting aspects of the surface 
effort has concerned the attempts to provide clean, 
reproducible germanium surfaces. The conventional 
technique of prolonged bakeout at or near the melt- 
ing point of the material was not satisfactory. Sur- 
faces prepared by crushing in vacuum, or by reduc- 
tion in H2'° or CO” have been used; however, as 
mentioned earlier, the most popular and widely dis- 
cussed method has been that of positive ion bombard- 
ment. The extent of cleanliness of such surfaces, 
however, has been the cause of considerable discus- 
sion. 

Early surface investigators?®.4 reported that ion- 
bombarded surfaces which had been exposed to 
oxygen could be restored to their pre-oxygenated 
(clean) condition by a brief heating at 500°C. Since 
it is to be expected that the first chemisorbed layer of 
oxygen could not be so readily removed, speculation 
arose as to the possible causes of this thermal regen- 
eration phenomenon. The explanations offered were: 
(1) The surfaces were not originally clean to less than 
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a monolayer. Consequently, the absorbed oxygen was 
very weakly bonded and therefore easily removed. 
(2) The oxygen dissolved in the germanium on heat- 
ing. Such behavior has been observed in other metal 
oxygen systems. (3) The oxygen is removed as GeO, 
which is quite volatile at 500°C. Recent work with 
the microbalance*? and in other laboratories?’ indi- 
cates that the vaporization of GeO is probably the 
significant factor; however, a temperature of 575°- 
600°C is necessary for complete regeneration. This, 
therefore, still leaves unexplained the numerous ob- 
servations at 500°C and a reported regeneration at a 
temperature as low as 300°C. It must be considered, 
however, that such observations were usually indirect 
in that an electrical property such as the surface 
conductivity was being measured. The sensitivity of 
such measurements may well be much greater than 
that of the available adsorption techniques. The re- 
generation effect still remains one of the very inter- 
esting and little understood factors concerning ger- 
manium surface behavior. 


: Applications 
The results of the chemical surface studies of ger- 
manium and silicon surfaces have contributed 
_ substantially to device performance. It is now possible 
to understand changes in device parameters on ex- 
_ posure to such ambients as oxygen and water. The 
recently reported stabilization of device properties by 
controlled thermal growth of oxide films on silicon”! 
is an excellent illustration of the contributions of the 


intensive surface effort of the past several years. 

As a further illustration of the usefulness of the 
microbalance equipment, it is worthwhile discussing 
briefly the presence of such impurities as oxygen in 
germanium crystals. During initial microbalance ex- 
periments with germanium, large pressure rises with 
corresponding weight losses were observed as the 
samples were heated.’ It was not possible to correlate 
these weight changes with the desorption of adsorbed 
gaseous impurities, or the vaporization of germanium 
or one of its oxides. Separate mass spectographic in- 
vestigations” substantiated our belief that the ob- 
served changes were due to the evolution of oxygen, 
nitrogen, and hydrogen from the bulk material. It 
was only through the continuous experimental record 
provided by the microbalance, however, that we were 
able to detect the presence of these elements. 


Role of Microbalance in Future Research 


The increasing interest in high temperature semi- 
conductor devices has stimulated research on new 
materials. Silicon carbide has advanced to the front 
for high temperature applications. The design of the 
vacuum microbalance system makes it possible to 
study such materials at temperatures in excess of 
1200°C. The behavior of silicon carbide and other 
such materials in oxygen and other ambients are 
problems which will soon be of importance. The ver- 
satile microbalance equipment will fit easily into the 
basic research effort on high temperature materials. 
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AWARDS RULES 


1. Articles and nomographs published in Semiconductor 
products between April 1959 and March 1960 inclusive 
will be considered eligible for the awards. It is therefore 
advisable to submit manuscripts as soon as possible. 


2. Mail manuscripts to Semiconductor Products Magazine, 
300 W. 43rd St., New York 36, N.Y. Attention: S, L. 
Marshall, Editor. 


Prizes will be 1) an engraved gold medal and $500.00 
for the most outstanding Semiconductor Circuit Design 
Article, and 2) an engraved gold medal and $500.00 for 
the most outstanding Nomograph relating to Semiconduc- 
tor Circuit Design. 


a 


. Manuscripts are limited to 3,000 words or less, exclusive 
of illustrations and diagrams. Manuscripts should be typed 
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double-spaced, and submitted in duplicate. Illustrations 
and diagrams need not be inked or ruled; however they 
must be neatly prepared and legible. 


uu 


. Judges’ decision shall be final, and authors agree to 
accept these decisions as a condition of entry. Semi- 
conductor Products reserves the right to correct typo- 
graphical errors that may appear inadvertently in the 
manuscript. 


> 


. Authors of all published material will be remunerated in 
accordance with our regular rates. Material found un- 
acceptable will be returned to the authors. 


~ 


. Employees of Cowan Publishing Corp. and affiliated com- 
panies, and members of their immediate families are not 
eligible for these awards. 
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The Growing Role of Graphite In The 


Semiconductor Processing Industry 


W. KE. ALLSOPP* 


[Tear sheets of this article are available on written request] 


the semiconductor industry, that the role of 

graphite is increasing in scope. The many inter- 
esting properties of graphite are finding new applica- 
tions in semiconductor processing—many not yet 
generally realized. 

For instance, we find graphite being put to use in 
crystal-pulling operations . . . as a resistance element 
in high temperature furnaces . . . as susceptor rings 

. and other similar applications. Again, as we re- 
view fundamental purification methods for germanium 
and silicon, we find graphite being used extensively 
in the manufacture of reduction and zone refining 
boats. Further along in the processing of semicon- 
ductor devices, graphite is again used in alloying boats 
or jigs during the actual fusion process that occurs 
when a semiconductor device is fabricated. Toward 
the final processing of a transistor or rectifier, graphite 
finds further use in the fabrication of the header jig 
or fixture. Other uses, of lesser importance, also occur 
in many semiconductor processing and production 
lines. 

All this is not without good and sound technical 
reason. The growing role that graphite is playing 
springs from its particular physical and chemical 
properties—properties that make it an extremely ver- 
satile, unique and valuable material for the semicon- 
ductor processing industry. Yet, even under these at- 
tention-commanding conditions, much too little 
importance is being paid the actual grades and the 
properties of these various grades. Additionally, in the 
stress of achieving pressing production goals, far too 
little attention is being directed to the actual speci- 
fications and performance of the various types of 
graphite as they relate to the final performance of the 
finished transistor. This lack of critical appraisal is 
probably the highest tribute that could be paid to the 
material itself . . . for, it has worked, and is working, 
in all kinds of applications regardless of the small 
amount of attention given to it. 

Even so, it is inevitable that problems arise when 
adequate attention is not given to this material. Many 
of these problems can be quickly solved for the oper- 
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ating engineer in semiconductor manufacturing, by a 
clearer understanding of some of the properties of 
graphite. As a first step in the overall picture, it 
would be advantageous to differentiate between car- 
bon and graphite. Chemically, of course, carbon and 
graphite are identical. Carbon occurs in nature in 
three general forms: coal (amorphous, as a mixture 
of hydrocarbons); diamond (crystal); and graphite 
(crystal). Now, graphite occurs naturally in a hexa- 
gonal molecular crystal orientation, while carbon dia- 
mond occurs in a cubic molecular crystal orientation. 
These are natural states. 

The method of producing graphite artificially, was 
developed in about 1896 by Acheson. So basic was the 
original method that it is still used today with only 
minor refinements. 

Artificial graphite is synthesized by bonding with a 
mixture of petroleum coke, granular anthracite 
mixed with various blends of lamp black and coal tar 
pitch, all heated electrically by passing an extremely 
high current through it for a good many hours. At this 
stage the pre-crystallization from amorphous to gra- 
phitic carbon occurs. When the temperature of this 
reaction mixture is kept below approximately 1800°C, 
the result is amorphous carbon. If the temperature is 
increased appreciably above 1800°C, the result is 
graphite. 

Physically, these forms of carbon are very dif- 
ferent indeed. Amorphous carbon, or carbon as it is 
referred to hereafter, is extremely brittle, decidedly 


Fig. 1—Sharp tool used with an old type of extruded 
graphite. 
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abrasive, and definitely hard. Specifically, the Shore 


Scleroscopy Hardness of carbon may run from 70 to 
90. Further, its specific electrical resistance is ap- 
proximately .002 ohms per inch cubed and it has a 


‘thermal conductivity of only 10% to 20% that of 
- graphite. 


These characteristics are quite different, indeed, 


' from graphite. For instance, various grades of graph- 
' ite run a Shore Scleroscope Hardness of from 50 to 25 


with a specific electrical resistance, approximately, 
of from .0002 to .0005. Some of the many interesting 
characteristics of graphite that are of vital interest to 
the semiconductor industry are: 

..graphite, unlike carbon, is not hard and brittle, 
but a much softer material. 

..graphite is much less abrasive than carbon 
and generally speaking, less porous. 

...graphite is extremely resistant to thermal 
shock—it can be heated to a white hot tempera- 
ture and immediately dropped in cold water 
without fracturing. This process can be re- 
peated indefinitely without fracturing. 

..graphite does not become deformed, nor appre- 
ciably lose its strength, at high temperatures. 

..graphite will not “wet” on contact with most 
molten metals. 

.. graphite has the ability to withstand tempera- 
tures well above the melting point of most 
metals. 

All of these factors point up the many advantages 
of graphite as an ideal material for use as crucibles 
and containers for high purity metals. Additionally, 
resistance heaters made of graphite can be made rigid 
and will not lose their strength or be appreciably de- 
formed at high temperatures. Of extreme importance 
to the semiconductor industry is graphite’s ability to 
be economically purified to near ultimate purity. 

The incessant, continuous drive in the semicon- 
ductor industry for improved production efficiency 
focuses attention on the purity of graphite used in 
processing. It is of paramount importance because of 
the well known fact that the contaminations of high 
purity germanium or silicon, by even parts per billion 


of certain elements, will materially affect the perform- 
ance of the final semiconductor device. For this rea- 
son, the selection of only the purest graphites for use 
in semiconductor production is the mark of a wise 
and efficient semiconductor engineer. 

While there are several ways of purifying graphite, 
the most successful entails the utilization of the now 
famous “F” process. This process, originally devel- 
oped by the United Carbon Products Company to 
produce graphite used in nuclear reactors, is used 
when it is imperative to have graphite that is as close 
to ultimate purity as can be obtained. The “F” process 
results in graphite having a maximum total ash con- 
tent that will not, in general, exceed an average of ten 
to twenty parts per million and will have present no 
detectable boron—even when the material is analyzed 
by the most sensitive spectrographic analytical 
methods. Because of classification restrictions, few 
details concerning this process can be discussed. In 
general however, it consists of the treatment of graph- 
ite at high temperatures in the neighborhood of 
3000°C, under closely controlled reactive atmos- 
pheres. The end result is extremely important to the 
semiconductor industry—this “F” process ultra pure 
graphite protects the semiconductor manufacturer 
from the contamination of expensive hyper-pure ger- 
manium and silicon. 

In still another important way, ultra pure graphite 
can improve any semiconductor productive efficiency, 
for it is a matter of record that the oxidation rate of 
ultra-pure graphite is much lower than commercial 
grade graphite. Since most of the graphite parts used 
in semiconductor applications are subjected to high 
temperatures, the life-span of the part is generally re- 
lated to the oxidation of the graphite part itself while 
it is being removed from the hot furnace into air. The 
oxidation rate of graphite has a direct relationship to 
the impurities in it. For example, as little as twenty 
to forty parts per million of either sodium, potassium, 
vanadium or copper in graphite will increase the rate 
of oxidation by a factor of 6 at 550° C . . . this means 
a reduction in the time for a 5% oxidation of the 
graphite part from 200 to 120 hours. Indeed, in any 


Fig. 2—Dull tool used with molded UT-2-S graphite. 
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Fig. 3—Sharp new tool used with molded UT-2-S 
graphite. 


consideration of efficient production, this oxidation 
factor alone indicates that the highest purity graphite 
obtainable seems quite necessary. 

In addition to the considerations of freedom from 
contamination and a low oxidation rate, semicon- 
ductor producers should give thought to the ma- 
chinability of the graphite parts they use. To work 
properly, graphite for semiconductor fusion and alloy- 
ing boats must be capable of being machined to high 
tolerances with good surfaces. To achieve this, the 
graphite should be selected with reference to a non- 
porous, non-abrasive structure. 

In the past, only extruded graphite was available 
for the fabrication of semiconductor parts. Because 
of the porosity of this extruded material, it precluded 
the possibility of close tolerances (+.0002”) because 
of pore size interference. There must be no pore size 
interference that keeps machined surfaces from being 
smooth or does not permit maximum sharpness of 
corners . . . this would efiect the geometry of the ma- 
chined cavities and consequently the performance of 
the finished semiconductor device. Today there is a 
selection of molded, low-porosity graphite available 
in ultra pure grade, which is tailored for semicon- 
ductor industry use. 

An additional factor in achieving smooth surfaces 
and sharp corners is the necessity of selecting a 
graphite that minimizes tool wear. The type of super- 
sharp corners and smooth surfaces needed in semi- 
conductor processing cannot be produced with dull 
tools. Let us not forget, also, that economy-priced 
graphite parts cannot be produced if tools must be 
sharpened or rebuilt in excess. In some past instances 
of alloying boat production, the tool needed to be 
rebuilt after each cavity—certainly not conducive to 
economy. To illustrate the importance of this point, 
the photomacrographs shown in Pigsm ic ands oils 
lustrate how very necessary it is to use sharp tools. 

These photomacrographs point up several interest- 
ing observations. In Fig. 1, it will be noted that the old 
extruded type graphite does not give an ideal surface 
finish or sharp corner detail as does the newer molded 
graphite cut with similar quality tools. However, as 
Fig. 2 illustrates, even though an ideal graphite is 
used, a satisfactory end product cannot be achieved 
with a dull tool. The ideal situation is shown in Fig. 3, 
where a sharp, new tool is used on a molded UT-2-S 
graphite. This is the characteristic which is desired 


for all graphite parts used in this critical phase of 
semiconductor production. It should be noted that the 
cavities illustrated are “idealized” and in no way 
conform to any transistor manufacturer’s actual 
cavities. 

Table I indicates the characteristics of United Car- 
bon Products Company graphite used in the manu- 
facture of fusion boats. 


TABLE I 
Fusion Boat Graphite Evaluation Chart 


Graphite Scleroscope Relative 


Grade Hardness Porosity Use When 
UT-1 54 Average Fair Hardness is primary requisite 
UT-2 38 Average Good Hardness plus fairly high 
machine tolerances 
UT-2-S 27 Average Very Machine tolerances 
Good primary requisite 


Although molded graphite is limited in size, the 
extruded grade is available and used for the large 
zone refining boats. Also, it is used for large parts 
that exceed 6 inches in diameter and 12 inches in 
length, or exceed the size of parts that can be fabri- 
cated from plates 2-1/2” x 12” x 12”. However, these 
qualifications are not as serious as they might first 
seem, since most large parts have relaxed tolerances 
with regard to both porosity and machined surface 
requirements, as long as high purity is maintained. 

In brief summary, the role of ultra pure graphite 
in the semiconductor industry is growing with im- 
proved technology. Efficient, low-cost semiconductor 
production demands the selection of proper graphite 
parts. In general, the unique properties of graphite 
are finding increased usages on semiconductor pro- 
duction lines. Ultra pure graphite, in particular, is 
being demanded to achieve a contamination-free 
product combined with a low oxidation rate for ut- 
most economy. The consideration of smooth surfaces 
and sharp corners to give optimum semiconductor 
production hinges on the physical characteristics of 
the particular graphite and the quality of the tools 
used. In essence, the selection of the proper grades 
of graphite to be used demands the same critical con- 
siderations as the germanium or silicon used for the 
device itself. 


C= Oa 


td 
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APPLICATIONS 


ENGINEERING DIGESTS 


For further information circle the number of the desired application 
note on the inquiry card provided at the back of the magazine. 


APPLICATIONS ENGINEERING DIGEST No. 4 


Series connected D.C. to A.C. Con- 
verter, Delco Radio Division, G. M. 
Corp., Kokomo, Indiana. 


The factor which limits the d-c sup- 
ply voltage to a transistorized power 
converter is the maximum voltage 
which may be applied between the 
emitter and the collector of the tran- 
sistor. The circuit shown in Fig. 1 indi- 
eates how converter circuits may be 
connected in series to allow the opera- 
tion of converters at higher supply volt- 
ages than are otherwise possible. 

In order to maintain proper phasing 
and equal power distribution, it is nec- 
essary that all of the transformer wind- 
ings be on the same core. With such an 
arrangement the voltages applied to 
each transistor will be equal and in- 
versely proportional to the number of 
pairs of transistors which are in the 
circuit. Maximum efficiency of opera- 
tion will be achieved by using a core 
material whose hysteresis loop is as 
nearly rectangular as possible. 

The four transistors operate as 
switches which are controlled by the 
bias voltages which are in turn induced 
in the feedback windings of the trans- 
former and applied to the transistor 
bases. Without any voltage being in- 
duced in the feedback windings, the 
resistors R;, Re, Rs, and R, function as 
a voltage divider network which main- 
tains sufficient forward bias on the 
transistor bases to assure reliable start- 
ing of oscillation. 


Qe 

Ca |2sut 

+ [SOV 
| a" 

| Fig. 1— Schematic of 
“ = series connected con- 
“27 verter circuits. 


The left hand transistors of each pair 
conduct simultaneously in series as the 
right hand transistors are cut off, and 
vice versa. For purposes of analysis, 
assume that @; and Q; are conducting 
(junctions saturated), and Q» and Q, 
are cut off. The supply voltage is thus 
applied to the left hand half of each of 
the primary windings of the trans- 
former. 

When Q; and Q; start to conduct, the 
current through the left hand halves of 
the primary windings increases rapidly 
in all windings of the transformer. As 
soon as the core of the transformer is 
saturated, the induced voltages de- 
crease to zero because the rate of flux 
change is practically zero. 

As the voltage induced in the feed- 
back windings (and applied to the 
transistor bases) decreases, Q; and Q, 
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are no longer saturated and their col- 
lector currents (flowing through the left 
hand halves of the transformer pri- 
maries) decrease until the core is no 
longer saturated. This causes the core 
flux to decrease, inducing voltage in 
all of the transformer windings of a 
polarity which is opposite to that in- 
duced when Q,; and Q; began to con- 
duct. The voltage thus induced in the 
feedback winding biases Q: and Q:; to 
cutoff at the same time it drives Q2 and 
Q, to saturation, allowing current to 
flow through the right hand halves of 
the primary windings. This current flow 
creates a core flux of a polarity which 
is opposite to that which exists when 
Q; and Q; are conducting and induces 
a voltage in the secondary of the trans- 
former of a polarity opposite to that in- 
duced when Q: and Q; are conducting. 


APPLICATIONS ENGINEERING DIGEST No. 5 


High Input Impedance Amplifier Using 
Silicon Transistors, Texas Instruments, 
Inc., Dallas, Texas (Arthur D. Evans) 


A transistor amplifier is usually con- 
sidered to have relatively low input 
impedance, high output impedance, and 
high voltage gain. Since the maximum 


available power gain of the device is 
limited, voltage gain must be decreased 
if it is desired to have high input im- 
pedance and low output impedance. By 
employing negative feedback, voltage 
gain can be “exchanged” for input im- 
pedance. The referenced report de- 
scribes a transistor amplifier having 


SEMICONDUCTOR PRODUCTS e JUNE 1959 


input impedance of 8 megohms, a volt- 
age gain of 40 db and an output im- 
pedance of 600 ohms. The gain is stable 
to +0.10 db over the temperature range 
of —55°C to +125°C, and to within 
+1 db over the frequency range 6 cps 
to 300 kc. The input impedance is 
greater then 1 megohm betwen the 
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frequencies of 25 cps and 350 ke, and 
greater then 8 megohms between the 
frequencies of 400 cps and 30 kc. 

The complete amplifier circuit is 
shown in Fig. 1. The four stages are 
direct-coupled. Adequate stability of 
bias conditions is provided by means 
of the large emitter resistors R4, R9 
and R14, which are by-passed for sig- 
aal frequencies, Bias voltage for the 
tirst stage is developed across the 9-volt 
“Zener” diode, D1. The collector of Q1 
is coupled to the feedback resistor Rr: 
by C2 and D1. If this collector were 
by-passed to ground, the input imped- 
ance would be shunted by the hw» of 
this unit. The following table gives the 
approximate d-c bias conditions of the 
four transistors: 


TRANSISTOR 
meee Wale FS) 
9! H 


3 
Q2 6 
93 13 
O4 6 


The output impedance is set by the 
value of R12 which is 600 ohms. The 
input impedance is approximately equal 
to the product of the amplifier current 
gain and the feedback resistor R13. 


Since the current gain is a function of 
transistor parameters, the input imped- 
ance can be expected to be a function 
of ambient temperature. 

The voltage gain is largely deter- 
mined by the ratio of the output re- 
sistor R12 to the feedback resistor R13 
and is almost independent of transistor 
parameters. It, therefore, should not be 
sensitive to ambient temperature varia- 
tions. This is confirmed by Fig. 2, which 
is a plot of the voltage gain vs ambient 
temperature. The noise level of the am- 
plifier will be a function of the input 
termination. Equivalent input noise will 
range from about 24 uvolts with the 
input shorted up to about 540 uvolts 
with the input open. Careful considera- 
tion should be given to the layout of 
the amplifier, particularly with respect 
to stray capacity to ground. In the 
breadboard model constructed for test 
purposes, all components were mounted 
on a 2” x 4” sheet of aluminum which 
was insulated from the main chassis 
and electrically connected to the un- 
grounded side of feedback resistor R13. 
This greatly improved the high fre- 
quency characteristics of the amplifier 
by reducing the effect of stray capacity 
between the components and ground. 
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Fig. 2— Relative Gain vs Ambient 
Temperature 
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TYPICAL VALUES 


120°C JUNCTION 


STUD TO FIN —— Ry 10°C sTUD 


FIN TO ATMOSPHERE —— a, 


25°C AIR 


Fig. 1— Ohms Law analogy of recti- 
fier/fin/air system. 
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Fig. 2— Surface area/air flow nomog- 
raph. 
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Cooiing of Silicon Power Rectifiers, 
Ferranti Ltd. Gem Mill, Chadderton, 
Oldham, Lancs., England. 


The rating of silicon junction power 
diodes is closely related to the junction 
temperature and the most commonly 
used and simplest method of cooling 
makes use of the surrounding air. The 
addition of extra surface area to the 
diodes enables the heat generated to be 
carried away from the diode and at- 
tached heat sink by convection in the 
surrounding air. 

Materials with high thermal conduc- 
tivity such as copper or aluminum are 
the most suitable materials for heat 
sinks. It is undesirable to use materials 
which have a contact potential signifi- 
cantly different from copper as there 
is a possibility of corrosion developing 
between the stud and heat sink. 

Figure 1 shows how the rectifier / 
fin/air system may be presented using 
a thermal “Ohms Law” analogy. The 
flow of heat (watts) through the vari- 
ous thermal resistances (Ri, Re, Rs) be- 


tween the source (silicon junction) and 
ground (atmosphere) produces a tem- 
perature drop proportional to the re- 
sistance values. 

An estimation of the maximum ther- 
mal resistance permissible for satisfac- 
tory operation of a diode may be deter- 
mined from the equation: 


Doi—eer 
B= ( W \-R, 


where R; = Thermal resistance of fin 
unit (°C/W) 

R: = Thermal resistance between 
stud mounting and fin sur- 
face (°C/W) 

T, = Maximum permissable stud 
temperature (°C) 

T,= Ambient Air Temperature 
(°C) 

W = The rated dissipation of the 
diode (watts) 

Having estimated the heat sink thermal 
resistance from the equation given 
above, reference to Fig. 2 will provide 
an assessment of the necessary surface 
area/air flow relationship, 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHOR 


Transistor Voltage 
Regulators 


A High-Speed Line Scanner 
for Use in An Electronic 
Switching System 


Energies of Grain Bound- 
aries Silver Chloride 
Crystals 


Classifying Junction 
Transistors 


Rating Collecting to Emitter 
Voltage for Switching 
‘Transistors 


Quick Design of Thermistor 
Compensation Networks —3 


‘New Types of Germanium 
Diodes and their Circuit 
Applications 


Designing Transistor 
Circuits, Part I 


On The Theory of Field 
Emission From Semicon- 
ductors 


Tellurium Oxide 
Photoresistors 


The Kinetics of 
Phototriodes 


Silicon Photodiodes 


On the Electron-Hole 
Transition in Point- 
Contact Solid Rectifiers 


On Using Cyclotron Reson- 
ance in Semiconductors for 
Amplification and Genera- 
tion of UHF Oscillations 


Oscillogramming the Elec- 
tromagnetic Torque of AC 
Machines Using Film Hall 
EMF Pick-up Units 


Zener Diodes Stabilize Tube 
Heater Voltages 


Low Frequencies Vary 
T- Parameters 


Sweep Equipment Displays 
Transistor Beta 


Transistor Switch Design 


Bell Labs. Record 
Dec., 1958 


Bell Sys. Tech. Jl. 
Nov., 1958 


Can. Jl. Phys. 
Dec., 1958 


Electronic Design 
Dec. 10,1958 


Electronic Design 
Dec: 10;41958 


Electronic Design 
Dec. 10, 1958 


Elec, Eng. (Brit) 
Dec., 1958 


Electronic Equip. 
Engineering 
Dec., 1958 


Electronic Exp. 
10/58 

Complete trans. from 
Radiotek. i Elek. 
7/58 


Electronic Exp. 
10/58 

Summary trans. from 
Zhur. Tekh, 

6/58. 


Electronic Exp. 
10/58 

Excerpt trans. from 
Zhur. Tekh. 

6/58 


Electronic Exp. 
10/58 

Summary trans. from 
Zhur. Tekh. 

6/58 


Electronic Exp. 
12/58 

Complete trans. from 
Dok. Okad. Nauk 
8/58 


Electronic Exp. 
12/58 
Complete Trans. from 


Zhur. Eksper-i-Teoret. 


9/58 


Electronic Exp. 
Complete trans. from 
7hur. Tekh. 

9/59 


Electronic Industries 
12/58 


Electronic Industries 
12/58 


Electronics 
12/5/58 


Electronics 
12/5/58 


Description of two basic types of regulator circuits 
highlighting some of the special problems involved 
in design. 


A high-speed multiposition electronic switch has 
been developed to act as a time division informa- 
tion-gathering device. 


The relative energies of grain boundaries in silver 
chloride crystals have been measured. 


Transistor types are classified according to four 
major categories: grown, alloy, electro-chemical, 
and diffusion. 


Method for accurately determining the maximum 
collector-to-emitter voltage rating of switching 
transistors. 


Two-resistor thermistor compensation design using 
appropriate curves. 


Properties of controlled hole-storage and turn-on 
time are discussed with particular reference to 
gold-bonded diodes. 


Short term storage of information is obtained by 
bistable multivibrator flip-flops. 


A refinement of the theory of field emission and 
thermionic emission from semiconductors. 


Method for preparing photosensitive layers of 
TeO, by sublimating tellurium oxide in a vacuum. 


Qualitative discussion concerning the mechanism 
of phototriodes and the shape of relaxation curves 
pertaining thereto. 


Results obtained from studying the use of silicon 
photoelements for converting light into electricity 
when operating in a photodiode mode. 


Experiments have verified the formation of a re- 
gion of p-type conduction at the point contact of 
a diode due to the effect of an electric pulse on 
n-type Ge or Si. 


Cyclotron resonance in semiconductors can_ be 
used for designing regenerative amplifiers or oscilla- 
tors at UHF. 


Generalization of method for a-c machines de- 
scribed. 


Article discusses regulation of d-c and a-c- heater 
voltages. Circuits and curves are given. 


Data reveals that the magnitude of equivalent 
T-parameters changes radically at low frequencies. 


Falloff in beta with increasing collector current is 
displayed on an auxiliary scope over 0-200 ma 
range. 


Four parameters tabulated for eight types permits 
designer to match transistor pairs for optimum 
operating characteristics. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHOR 


Graphical Designing of 
Transistor Oscillators 


Semiconductors Cool and 
Control Density Gage 


Bistable Circuits Using 
Unijunction Transistors 


Present Status of Precise 
Information on the Uni- 
versal Physical Constant 


Calculations on the Shape 
and Extent of Space Charge 
Regions in Semiconductor 
Surfaces 


Production of Dislocations 
in Germanium by Thermal 
Shock 


Electrophotoluminescent 
Amplification 


Photoconductive Response 
of Single Crystal Ger- 
manium Layers Prepared 
by the Pyrolytic Decom- 
position of Gel. 


Radiation-Induced Recom- 
bination Centers in Ger- 
manium 


Theoretical Surface Con- 
ductivity Changes and 
Space Charge in Ger- 
manium and Silicon 


Grain Boundary 
Photodector 


Diffusion Control in Silicon 
by Carrier Gas Composition 


Diffusion into Silicon from 
Glassy Layers 


Diffusion Concentration 
Profiles by Analog 
Computation 


A Sensitive Method for 
Measuring Optical Scatter- 
ing in Silicon 


Effects of Certain Chemical 
Treatments and Ambient 
Atmospheres on Surface 
Properties of Silicon 


Saturation Currents in 
Germanium and Silicon 
Electrodes 

High-Pressure, High- 
Temperature Growth of 
Cadmium Sulfide Crystals 
Some Semiconducting 
Properties of HgTe 


Electron Mobility in InP 
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Electronics 
12/5/58 


Electronics 
12/5/58 


Electronics 
12/19/58 


IRE Trans. on 
Instrumentation 
12/58 


Jl. Appl. Phys. 
12/58 


Jl. Appl. Phys. 
12/58 


Jl. Appl. Phys. 
12/58 


Jl. Appl. Phys. 
12/58 
Jl. Appl. Phys. 


12/58 


Jl. Appl. Phys. 
12/58 


JI. Appl. Phys. 
12/58 


Jl. Electrochem. Soc. 
58 


Jl. Electrochem. Soc. 


12/58 


Jl. Electrochem. Soc. 


12/58 


Jl. Electrochem. Soc. 
12/58 


Jl. Electrochem. Soc. 
12/58 


Jl. Electrochem. Soc. 
12/58 
Jl. Electrochem. Soc. 
12/58 
Jl. Electrochem. Soc. 
12/58 


Jl. Electrochem. Soc. 
12/58 


New method based on Barkhausen’s criteria for 
oscillation is used with graphic technique to design 
stable transistor crystal oscillator. 


Gage makes use of Peltier effect by using semi- 
conductor thermoelements to maintain uniform 
cooling temperatures. 


Modified circuit has clamping diode that holds 
emitter votage below peak-point voltage. 


Has the time arrived for their adoption to replace 
our present arbitrary conventional standards? 


The shape and extent of space charge regions in 
semiconductor surfaces are briefly discussed. 


Dislocations introduced into single crystals grown 
by the Czochralski technique have been studied. 


Alternating electric fields can modify the time dis- 
tribution of luminescent recombination in sulfide- 
type phosphors. 


Layers of single crystal Ge have been prepared by 
pyrolytic decomposition of Gels at about 350°C 
upon single crystal seeds of Ge. The photoresponse 
of such layers at 77°K was found to extend to 
about 6 u. 


An attempt has been made to provide a_ better 
understanding of minority carrier recombination 
processes in irradiated Ge. 


Graphs display predicted surface conductivity 
changes as a function of resistivity for various 
values of surface potential. 


(Letter to Ed) A system which makes use of the 
photoresponse of grain boundary capacitors to 
measure radiation to about 1.8 microns wave- 
length. 


A single heating process is described for producing 
controlled p-n and n-p-n diffused structures in sili- 
con. 


The diffusion of boron into silicon from glassy 
layers containing the system KO — SiO, B.O; 
was investigated. 


Simulation of diffusion processes on an analog 
computer permits solutions to the diffusion equa- 
tion. 


An instrument has been developed for the obser- 
vation of optical scattering in silicon and in inter- 
metallic compounds. 


Measurements of surface conductance, recombina- 
tion velocity (S), and field effect were made on 
n- and p-type silicon specimens, 


Germanium electrodes in KOH and silicon elec- 
trodes in dilute HF solutions have been studied to 
the sources of carrier regeneration. 


A process is described for growing cadmium sul- 
fide crystals of uniform size, shape, and homo- 
geneity from the melt. 


Mercuric telluride was synthesized and single crys- 
tals were prepared both in a horizontal capsule 
and by the Bridgman Technique. 


The Hall mobility of electrons in InP has been 
observed as a function of temperature and of 
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_ Preparation and Some Char- 
acteristics of Single-Crystal 
Indium Phosphide 


Preparation of Crystals of 
' Pure Hexagonal SiC 


i 

_ Use of Bismuth as a Donor- 
Type Impurity in Ger- 
manium Single Crystals 


Properties of Some Ger- 
manium Single Crystals 
Grown from Solutions of 
Molten Metals 


Semiconducting Com- 
pounds—A Challenge in 
Applied and Basic Research 


Measurement of Lifetime by 
_ the Photoconductive Decay 
~ Method 


- On the Lifetime and Diffu- 
- sion Constant of the Injected 
Carriers and the Emitter 
Efficiency of a Junction 
Transistor 


Decay of Excess Carriers 
in Semiconductors 


Mechanism of the Forma- 
tion of Donor States in 
Heat-Treated Silicon 


Piezoresistance in N-Type 
GaAs 


New Germanium Isotope 
Ge* 


Thermoelectric Power and 
Electron Scattering in 
Metal Alloys 


A Transistor-Magnetic 
Core Counter (Corres- 
pondence) 


The Internal Current Gain 
of Drift Transistors (Cor- 
respondence ) 


The Dependence of Minor- 
ity Carrier Lifetime on 
Majority Carrier Density 
(Correspondence) 


Current Build-up in Semi- 
conductor Devices (Corres- 
pondence ) 


Theory of the P-N Junction 
Device Using Avalanche 
Multiplication (Corres- 
pondence) 


Structure-Determined Gain- 
Band Product of Junction 
Triode Transistors 
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Jl. Electrochem. Soc. 
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Jl. Electrochem. Soc. 
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Jl. Electrochem. Soc. 
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Jl. Electrochem. Soc. 
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Jl. of Electronics and 
Control (Brit) 
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Jl. of Electronics and 
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Phys. Rev. 
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Phys. Rev. 
12/1/58 


Phys. Rey. 
12/1/58 
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Phys. Rev. 
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Proc. IRE 
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Proc. IRE 
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Proc. IRE 
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Proc. IRE 
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Proc. IRE 
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Proc. IRE 
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CONDENSED SUMMARY 


AUTHOR 


A technique for purifying P, reacting In and P, 
purifying InP by directional crystalization and 
growing large crystals is described. 


The mode of growth of SiC crystals in laboratory 
furnaces is examined. The means of producing 
pure crystals are discussed. 


Results indicate no major diffculties inherent in the 
use of Bi as a satisfactory doping impurity for Ge, 


Report of an attempt to obtain single-crystal ma- 
terial grown under equilibrium conditions, which 
material would be similar to that produced by an 
alloy fusion technique. 


The implications of recent investigations as re- 
gards band structures, state densities, charge car- 
rier mobilities, crystal imperfections, and other 
basic characteristics are discussed. 


General equations have been derived for the decay 
of photo-injected carriers in a semiconductor with 
time. 


It is found that for a given temperature the ef- 
fective lifetime passes through a maximum as the 
bias current is increased from a low value. 


Discussion of the nonlinear differential equations 
which govern the decay of excess carriers with 
arbitrary densities. 


A mechanism for the donor formation during heat 
treatment of silicon crystals is presented. 


Piezoresistance and elastoresistance coefficients of 
n-type GaAs were determined at room tempera- 
ture. 


A new germanium isotope has been produced by 
the (a,3n) reaction on Zn”. 


A phenomenological theory of thermoelectric 
power in binary, ternary, and more complex 
noble-metal base alloys is presented. 


Purpose of letter is to describe a simple device 
useful at counting rates as high as 2X10° pulses/ 
sec. 


Purpose of note is to show that a complete specifi- 
cation of the internal current gain of a drift tran- 
sistor can be obtained using a relatively simple 
method 


Note discusses condition under which the ratio of 
the diffusion length of holes in an n region to that 
of electrons in an adjacent p region and the ratio 
of the conductivities of the region follow a simple 
relationship. 


Purpose of letter is to lay a mathematical founda- 
tion for the switching action of devices in which 
carrier multiplication at a collector junction plays 
an important role in the switching process. 


Note proposes more general and simple formula- 
tion of the phenomenon. 


Discussion of some fundamental frequency limita- 
tions of the junction triode, practical accomplish- 
ments with Ge diffused base transistors, and 
frequency limitations of the junction triode 
compared with those of the field effect and 
analog transistors. 
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PATENT REVIEW* 


Of Semiconductor Devices, Fabrication Techniques and Processes, 
and Circuits and Applications ‘Sept. 6, 1955 to Dec. 20, 1955 


Compiled by SIDNEY MARSHALL 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
Sept. 6, 1955 to Dec. 20, 1955. In subsequent issues, patents issued from Dec. 20, 1955 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear every three months, the treatment given to each item being more detailed. 


September 6, 1955 

2,717,342 Semiconductor Translating De- 
vices—W. G. Pfann. Assignee: Bell Tele- 
phone Laboratories. A device consisting 
of a semiconductive filament, two low- 
resistance contacts to said filament, two 
emitter contacts between said low-resist- 
ance contacts, and a p-n junction between 
said emitter contacts. 


2,717,343 P-N Junction Transistor—R. N. 
Hall. Assignee: General Electric Com- 
pany. A power transistor comprising a 
semiconductor body having opposing 
major surfaces, and having along a major 
dimension thereof zones of alternately 
opposite conductivity type, said zones 
forming a series of p-n Junctions. 


2,717,372 Ferro-Electric Storage Device 
and Circuit—J. R. Anderson. Assignee: 
Bell Telephone Laboratories. A memory 
circuit comprising 4 condenser with a 
ferroelectric dielectric material and a di- 
ode in parallel with said capacitor and 
poled to present a high impedance to 
pulses tending to polarize said material 
to its initial state of polarization. 


September 20, 1955 

2,718,613 Transistor Circuit for Operating 
a Relay—J. R. Harris. Assignee: Bell Tele- 
phone Laboratories. Apparatus utilizing 
a transistor trigger circuit having an 
“OFF” condition and an “ON” condition. 


2,718,615 Liquid Cooling of Dry Disk Rec- 
tifiers—J. J. Riley. Assignee: The Taylor- 
Winfield Corporation. A rectifier arrange- 
ment containing tubular conduit mem- 
bers for certain rectifier plates, said tubu- 
lar conduits being made of heat conduc- 
tive material and having a wave-shaped 
form. 


2,718,616 Semiconductive Device—M. Con- 
rad. Assignee: Stromberg-Carlson Com- 
pany. A device having a plurality of con- 
ductive elements each having an accessible 
end, means for supporting said elements 
relative to each other such that said ends 
project through an insulating surface, 
semiconductive means extending over a 
portion of said ends, and means for es- 
tablishing electrical contact with the ex- 
posed portion of said semiconductive 
means. 


September 27, 1955 
2,719,190 High Efficiency Translating Cir- 
cuit—G. Raisbeck. Assignee: Bell Tele- 


* Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 


90 


phone Laboratories. Apparatus compris- 
ing a wave source, a load, two energy 
paths interconnecting said source and said 
load, an electron tube amplifier, a tran- 
sistor amplifier, means for supplying the 
amplifier outputs to the load in additive 
relation without impedance inversion, and 
means for biasing one amplifier for class 
B operation, and the other for class C 
operation. 


2,719,253 Non Linear Conduction Elements 
—R. K. Willardson, A. C. Beer, A. E. 
Middleton. Assignee: Bradley Mining 
Company. A rectifier comprising a semi- 
conductor and an electrode making con- 
tact with the surface thereof, said semi- 
conductor consisting of at least 50% of an 
element of group III, also including at 
least 40% aluminum and 50% of an ele- 
ment from group V with at least 40% 
antimony. 


2,719,257 Rectified Current Supply System 
—W. E. Sargeant, W. S. Erwin. Assignee: 
General Motors Corporation. In combina- 
tion, an a-c voltage source, a saturable 
reactor having an a-c winding in series 
with the input circuit of a rectifying sys- 
tem, a d-e control winding, a reference 
circuit path, a control circuit path, and 
an output circuit connected to the a-c 
control winding of the saturable reactor. 


October 4, 1955 

2,719,799 Zone Melting Furnace and 
Method of Zone Melting—S. M. Christian. 
Assignee: Radio Corporation of America. 
A method which involves forming an 
elongated charge, establishing a plurality 
of overlapping heating zones along said 
charge, successively melting and freezing 
the respective portions of said charge in 
successive zones while maintaining said 
charge stationary in said furnace. 


October 11, 1955 

2,720,616 Rectifier Assembly—A. S. Van- 
derhoof. Assignee: None. A rectifier stack 
assembly comprising spaced parallel up- 
right insulating posts, plates having cut 
out portions embracing said posts, and 
metallic spring spacer elements between 
adjacent plates of the stack. 


2,720,617 Transistor Packages—J. J. Sar- 
della. Assignee: Raytheon Manufacturing 
Company. A transistor package compris- 
ing an envelope, a set of insulated leads, 
a transistor connected to said leads, an 
interior closed chamber wherein the 
transistor is separated from said envelope, 
and a polymeric fluorocarbon casting resin 
filling said chamber and surrounding said 
transistor, 


October 18, 1955 

2,721,269 Error Rate Damping Circuit— 
L. Wolman. Assignee: Librascope Incor- 
porated. An error rate damping circuit 
designed to render alternating current 
servo loop resonant damping means inde- 
pendent of frequency and voltage fluc- 
tuations in the current supply over a 
substantial range. 


October 25, 1955 

2,721,965 Power Transistor—R. N. Hall. 
Assignee: General Electric Company. A 
power transistor comprising a flat slab of 
semiconductor material of one conduc- 
tivity type, and a plurality of closely 
spaced activator large-area-contact mem- 
bers for providing conduction carriers of 
the opposite conductivity type to those of 
said slab. 


November 1, 1955 

2,722,638 Crystal Diode and Method of 
Making Same—C. E. Atkins. Assignee: 
Tung-Sol Electric Inc. A crystal diode 
comprising a vitreous bead, a pair of 
lead wires and fused thereto, a crystal 
mounted on the flattened end of one lead 
wire, a whisker mounted on the other 
lead and contacting the crystal, and a 
thermosetting resin embedding said whis- 
ker and crystal. 


2,722,649 Arcless Switching Device—R. B. 
Immel, W. B. Guggi. Assignee: Westing- 
house Electric Corporation. An a-c motor 
having power leads connected to the 
phase windings thereof, and power con- 
trol means for each phase comprising a 
transistor and means coupled thereto for 
selectively cutting off the current flow 
and permitting current flow through the 
transistor. 


2,722,652 Excitation System for Electrical 
Machines—M. W. Brainard. Assignee: 
O’Keefe and Merritt Company. (One- 
Half Interest) The system provides a dry 
plate selenium rectifier with an electric 
machine, said rectifier being able to per- 
form the functions of a commutator of 
slip rings or other mechanical feature of 
this type. 


November 8, 1955 

2,723,355 Diode Gate Circuit—R. E. Gra- 
ham. Assignee: Bell Telephone Labora- 
tories. An electronic gating network hav- 
Ing a pair of input and output terminals, 
an L-network of asymmetrically conduc- 
ting devices, means for connecting one 
arm of said network in a series path be- 
tween an input and an output terminal, 
a shunt path in the other arm of the © 
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‘network, a d-c source in parallel with 
; said shunt path, and means for controlling 
‘the impedance of said network devices. 


2,123,370 Electrically Semiconductive Crys- 
talline Body—S. E. Bradshaw, R. W. 
Douglas, Assignee: Hazeltine Research 
Incorporated. A method of production 
comprising the fusing of a quantity of 
germanium not greater than 45 mg., cool- 
ing said globule-shaped quantity so as to 
form a spike thereon with said spike hav- 
ing a high concentration of impurities, 
_cutting a slab including said spike from 
the body and preparing a contact surface 
on the body. 


November 15, 1955 

2,724,061 Single Transistor Binary Trigger 
—R. W. Emery. Assignee: International 
Business Machines Corporation. An ob- 
jective of this invention is to provide a 
simplified binary trigger circuit that re- 
quires no adjustment when any circuit 
component including the transistor is re- 
placed by a component that is within 
standard manufacturing tolerances. 


2,724,077 Asymmetrically Conductive De- 
vice—W. C. Dunlap Jr. Assignee: General 
Electric Company. A current control de- 
vice comprising a wedge of germanium, a 
pointed exciter electrode and a pointed 
collector electrode. 


2,724,078 Selenium Rectifiers—R. F. Durst, 
' G. C. Florio, D. W. Black. Assignee: In- 
ternational Telephone and _ Telegraph 

Company. In a rectifier: a base plate, a 
- selenium layer thereon, a counter elec- 
_ trode on the selenium layer, and an in- 
termediate layer between the selenium 
and the counter electrode, said layer con- 
sisting of a high molecular weight linear 
polymeric carbonamide soluble in the 
lower aliphatic alcohols, together with 
nitroparafin which contains 44% to 1% 
selenium dioxide. 


2,724,079 Artificial Barrier Layer Selenium 
Rectifier—D. W. Black. Assignee: Inter- 
national Telephone & Telegraph Company. 
A device having between its selenium 
layer and its counter-electrode a film de- 
posited from a solution of a linear poly- 
meric carbonamide of the type soluble 
in the lower aliphatic alcohols, and in- 
cluding the addition of magnesium ni- 
trate. 


November 22, 1955 

2,724,780 Inhibited Trigger Circuits—J. R. 
Harris. Assignee: Bell Telephone Labora- 
tories. A plurality of trigger circuits, 
means to apply their outputs to the input 
of a common load circuit and means to 
apply a portion of the input of each 
trigger circuit to the input of each other 
trigger circuit with the proper polarity to 
inhibit each of said other trigger circuits. 


November 29, 1955 

2,725,315 Method of Fabricating Semicon- 
ductive Bodies—C. S. Fuller. Assignee: 
Bell Telephone Laboratories. The method 
involves heating a body of p-type ger- 
manium or silicon in the presence of 
lithium between a temperature of 500 de- 
grees C and the melting point of the semi- 
conductive material. 


2,725,316 Method of preparing P-N Junc- 
tions in Semiconductors—C. S. Fuller. As- 
signee: Bell Telephone Laboratories. The 
method involves immersing a body of 
p-type germanium or silicon in a molten 


solution of lithium in a low melting point 
metal and removing said body from said 
solution. 


2,725,317 Method of Fabricating and Heat 
Treating Semiconductors—J. J. Kleimack. 
Assignee: Bell Telephone Laboratories. 
The method of fabricating a transistor 
having a reduced minority carrier storage 
which comprises electroforming the col- 
lector and subjecting the assembled unit 
to a plurality of temperature cycles from 
ambient temperature to about 75 degrees 
C, each cycle lasting one-half hour. 


2,725,318 Method of Plastic Working of 
Semiconductors—C. J. Gallagher. As- 
signee: General Electric Company. A 
method of plastically working crystalline 
germanium which comprises heating said 
material to a temperature between 500 
degrees C and 760 degrees C, applying a 
deforming force, and annealing the de- 
formed germanium at 500 degrees C for 
an extended period of time. 


2,725,503 Selenium Rectifier Stacks—I. 
Wilf, M. A. Szalkowski. Assignee: Elec- 
tronic Devices Inc. A rectifier stack hav- 
ing a parallel spaced array and spacers 
interposed therebetween, and consisting 
of thin-walled sleeves having outwardly 
extending flanges in direct contact with 
the adjacent plate surfaces. 


2,725,504 Hall Effect Device—W. C. Dunlap 
Jr. Assignee: General Electric Company. 
A device comprising a single Hall plate 
having flat opposed major faces and a 
thickness less than 0.010 inch, two layers 
of insulation covering said faces, and two 
ferromagnetic plates covering the insu- 
lated layer. 


2,725,505 Semiconductor Power Devices— 
W. M. Webster Jr., J. R. Woolston. As- 
signee: Radio Corporation of America. A 
device having therein zones of different 
conductivity types separated by a recti- 
fying barrier, a quantity of metal inte- 
gral with at least one of said zones, and a 
heat dissipating member penetrating into 
said metal and in close proximity to said 
barrier. 


2,725,506 Point Contact Semiconductor 
Unit—R. A. Langevin, E. A. Gschwind. 
Assignee: Clevite Corporation. A point- 
contact device comprising: a semicon- 
ductor; a pair of flexible, resilient, elec- 
trode wires; and a housing defining a 
chamber receiving the semiconductor and 
formed with spaced passages receiving 
said electrode wires. 


December 6, 1955 

2,726,357 Semiconductor Device—R. Sachs. 
Assignee: Columbia Broadcasting System 
Inc. The invention provides a device 
wherein the electrodes are highly re- 
sistant to applied torque. The device con- 
sists of a cartridge having a central axial 
opening with at least one electrode in- 
serted therein, said axial opening having 
longitudinal grooves in the wall thereof, 
and a semiconducting wafer with a point- 
contact electrode. 


2,726,370 Negative Impedance Converters 
Employing Transistors—J. G. Linvill, R. L. 
Wallace Jr. Assignee: Bell Telephone 
Laboratories. A device comprising a 
transistor, means for deriving a signal 
proportional to the voltage appearing 
across two terminals one of which is con- 
nected to the collector and the other to 
a common point, and means for inverting 
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the phase of this signal and applying it 
to an impédance element connected be- 
tween the base and the common point. 


December 13, 1955 

2,727,146 Sinusoidal Oscillators—K. N. 
Fromm. Assigne: Westinghouse Electric 
Corporation. An oscillator having a semi- 
conductive device, a tunable network, 
means for supplying positive bias between 
the emitter and a common point, means 
for supplying negative bias, and a direct 
connection from the base to said common 
point. 


December 20, 1955 

2,727,839 Method of Producing Semicon- 
ductive Bodies—M. Sparks. Assignee: Bell 
Telephone Laboratories. A method which 
comprises introducing a seed into a molten 
mass of semiconductive material of one 
conductivity type of silicon or ger- 
manium, said seed being of like material 
to that of said molten mass, causing the 
material to flow laterally past said seed, 
and withdrawing said seed from said mass 
at a rate equal to the rate of crystalliza- 
tion. 


2,727,840 Methods of Producing Semicon- 
ductive Bodies—G. K. Teal. Assignee: Bell 
Telephone Laboratories. A method which 
comprises melting a mass of a conductivity 
type determining impurity and germa- 
nium or silicon, introducing a seed of the 
same material into the mass, withdrawing 
the seed and some of said molten mass, 
adding a conductivity type determining 
impurity, withdrawing an additional por- 
tion of the molten mass, and allowing the 
material to crystallize. 


2,727,999 Phase Sensitive Demodulators— 
G. W. Rusler. Assignee: Minneapolis- 
Honeywell Regulator Company. A circuit 
having as one objective the realization of 
a full wave demodulator constructed so 
as to impress two alternating signals on 
the primary windings of transformers, 
thus mixing the two signals in a phase 
relationship such that a unidirectional 
output is achieved; said output being a 
function of the algebraic sum of the in- 
put voltages. 


2,728,034 Semiconductor Devices With Op- 
posite Conductivity Zones—J. Kurshan. 
Assignee: Radio Corporation of America. 
A device comprising a body of semicon- 
ducting material having two zones of the 
same conductivity type separated by a 
zone of the opposite conductivity type, 
two low resistance contacts, one to each of 
said two zones, and a further electrode 
positioned near the intermediate zone. 


2,728,049 Reaction Modulation Circuit— 
F. M. Riddle. Assignee: California Insti- 
tute Research Foundation. A modulator 
oscillator circuit comprising a pair of in- 
put terminals, means to apply direct cur- 
rent to said terminals, a diode connected 
thereacross, a transistor and an oscillator 
circuit with a tuned circuit. 


2,728,053 Transmission Network Using 
Transistors—J. T. Bangert. Assignee: Bell 
Telephone Laboratories. A  negative- 
resistance network comprising two tran- 
sistors, said network having a design ob- 
jective which consists of improving the 
transmission characteristics of wave trans- 
mission networks by compensating the 
dissipation associated with the network 
branches. i 
[To Be Continued] 
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CHARACTERISTICS CHARTS OF NEW DIODES and RECTIFIERS: 


ANNOUNCED BETWEEN FEB. 1, 1959 and MAR. 31, 1959 ONLY 
Charts of Silicon Zener of Avalanche Diodes, Switching Diodes. 
Voltage Variable Capacitor Diodes, and other types of diodes will 


be published in the July issue of SCP. 


MANUFACTURERS 
AMP— Amperex Electronic Corp. MUL— 
AUD— Audio Devices, Inc. NAE— 
BEN— Bendix Aviation Corp. NPC— 
BER— Berkshire Labs OHM— 
BOG— Bogue Electric Mfg. Co. PHI— 
BOM— Bomac age em 
BRA— Bradle abs aa 
BTHB— Brush Thomeon Houston Export Co., Ltd. RAY— 
CBS— CBS-Hytron 5 RCA— 
CcDC— Continental Device Corp. SAR— 
CcoL— Columbus Electronics Corp. SCN— 
CcTP— Clevite Transistor Products, Inc. SEM— 
CSF— Compagnie Generale de_T.S.F. SIE— 
EEVB— English Electric Valve Co., Ltd. SIL— 
ERI— Erie Resistor Corp. ssD— 
FAN— Fansteel Metallurgical Corp. SSP— 
FERB— Ferranti Ltd. STC— 
GAH— Gahagan, Inc. STCB— 
GECB— General Electric Co., Ltd. ; 4 sSYL— 
GE— General Electric Company, Semiconductor Div. SYN— 
GIC— General Instrument Corp. TEX— 
GTC— General Transistor Corp. TFKG— 
HSD— Hoffman Semiconductor Division THE— 
HUG— Hughes Products Division : TI— 
IFHS— Institutet for Halvedarforskning TKD— 
INRC— International Rectifier Corp. TOK— 
IRC— International Resistance Co. TRA— 
ITT— International Tel. & Tel. Corp. TUN— 
KEM— Kemtron Electron Products, Inc. : TSC— 
LCTF— Laboratoire Central de Telecommunications USD— 
MAL— P. R. Mallory & Co., Inc. Uss— 
MIC— Microwave Associates, Inc. vICc— 
MOT— Motorola, Inc. WEC— 

WEST— 


The following manufacturers have announced that the 


(Continental Device: 1N456, 1N456A, 1N457, 1N457A, 1N458, 1N458A, 
1N459, IN459A, 1N461, 1N461A, 1N462, 1N462A, 1N463, 1N463A, 1N464, 
IN464A, 1N482, 1N482A, 1N482B, 1N483, 1N483A, 1N483B, 1N484, 
1N484A, 1N484B, 1N485, 1N485A, 1N485B, 1N486, 1N486A, 1N487, 
1N487A 

Institutet for Halviedarforskning: 1N34, 1N38, 1N54, 1N58 
Kemtron: 1N36, 1N39A, 1N39B, 1N40, 1N41, 1N42, 1N44, 1N45, 
1N47,~ 1N48, 1N51, 1N60A, 1N63, 1N64, 1N64A, 1N65, 1N66, 
1N67A, 1N68, 1N68A, 1N69A, 1N70, 1N70A, 1N71, 1N72 1N73, 
1N75, 1N81, 1N81A, 1N86, 1N87, 1N87A, 1N88, 1N89, 1N90, 


1N46, 
1N67, 
1N74, 
1N95, 


MAX. f Min. Forward 


CONT. 
piv | WORK 


MAT VOLT. 


(volts) | (volts) 


1500 


1N1130 al Si 1500 
1N1131 1 Si 1500 1500 
1N2329 1 Si 200 200 
1N2330 ik Si 300 300 
1N2331 al Si 400 400 
1N2332 al Si 500 500 
1N2333 ak Si 600 600 
1N2334 2 Si 50 50 
1N2335 2 Si 100 100 
1N2336 2 Si 200 200 
1N2337 2 Si 300 300 
1N2338 2 si 400 400 
1N2339 2 Si 500 500 
1N2340 2 Si 600 600 
1N2341 2 Si 50 50 
1N2342 2 Si 100 100 
1N2343 2 Si 200 200 
1N2344 2 Si 300 300 
1N2345 2 si 400 400 
1N2346 2 Si 500 500 
1N2347 2 Si 600 600 
1N2373 1 Si 600 600 
1N2374 1 Si 1000 1000 
1N2375 it Si 1500 1500 
1N2376 1 Si 2000 2000 
NOTATIONS Other 
=—_—_ — 


1N96, 1N97, 1N97A, 1N98, 1N98A, 1N99, 1N99A, 1N100, 1N100A, 
1N105, 1N107, 1N108, 1N109, 1N111, 1N112, 1N113, N114, 1N115, 1N116, 
1N116A, 1N117, 1N117A, 1N118, 1N118A, 1N126, 1N126A, 1N127, 1N127A, 
1N128, 1N128A, 1N132, 1N133, 1N134, 1N198, 1N265, 1N266, 1N267, 
1N268, 1N294, 1N295, 1N297, 1N298, 1N299, 1N367, 1N368, 1N530, 
1N531, 1N532, 1N533, 1N534, 1N535, 1N536, 1N537, 1N538. 1N539, 
1N540, 1N600, 1Ni095, 1N1096 

Semicon, Inc.: 1N440B, 1N441B, 1N442B, 1N443B, 1N444B, 
1N531, 1N532, 1N533, 1N534, 1N535, 1N536, 1N537, 1N538. 
1N540, 1N547, 1N560, 1N561, 1N562, 1N563, 1N599, 1N599A, 


1N530, 
1N539, 
1N600, 


MAX. D.C. 
OUTPUT 
CURRENT‘ 


Tt | MAX. 
(°C) FULL 
LOAD 
VOLT. 
DROP‘ 


(volts) 


@ 


1, @E, 


(voits) 


300 4.5 -150 150A 4.0 
300 4.5 -150 150A 4.0 
1.5 1.1 1.5 50A 
1.5 1.1 1.5 50A 
1.5 1.1 1.5 50A 
1.5 1.1 1.5 50A 
1.5 1.1 1.5 5S0A 
50 1.0 50 150C 
50 1.0 50 150C 
50 1.0 50 150C 
50 1.0 50 150C 
50 1.0 50 150C 
50 1.0 50 150C 
50 1.0 50 150C 
30 1.0 30 150C 
30 1.0 30 150C 
30 1.0 30 150C 
30 1.0 30 150C 
30 1.0 30 150C 
30 1.0 30 150C 
30 1.0 30 150C 
250 3.0 -100 100A 
250 3.0 -100 100A 
200 4.5 -100 100A 
200 7.5 -100 100A 


Following any jemperaiare reading 


these symbols a 


4. For half wave resistive 


Under Use 


1. General Purpose 
2. Power Rectifier 
3. Magnetic Amplifier 


@ Insulated Base 
5. Controlled Rectifier 


6. Available in stack form 
from that manufacturer 
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load average over 1 cycle 


Under Reverse Current 
ee FEN 


w Dynamic 


Under Mfr. 
ALE A LU 


Cc — Case 


Type No. 


A — Ambient 

J — Junction 

S — Storage 

A —inlet Temperature of Coolant 


T —Revised Data 


Mullard, Ltd. 

North American Electronics 

Nucleonic Products Co., Inc. 

Ohmite Manufacturing Co. 

Philco Corp. Lansdale Tube Company 
Pacific Semiconductors, Inc. 

Qutronic Semiconductor Corp. 
Raytheon Manufacturing Company _ { 
Radio Corporation of America, Semiconductor Div. 
Sarkes Tarzian, Inc., Rectifier Division 
Semicon, Inc. 

Semi-Elements Inc. 

Siemens & Halske Aktiengesellschaft 
Silicon Transistor Corp. i 

Sperry Semiconductor Division 

Solid State Products, Inc. 

Shockley Transistor Corp. 

Standard Telephone & Cables, Ltd. 
Sylvania Electric Products, Inc. 
Syntron Co. 

Texas Research Assoc. 

Telefunken, Ltd. 

Thermosen, Inc. 

Texas Instruments, Inc. 

Tekade, Nurnberg, Germany 

Tokyo Tsushin Kogyo, Ltd. 

Transitron Electronic Corp. 

Tung-Sol Electric, Inc. 

Trans-Sil Corp. 

United States Dynamics Corp. 

U. S. Semiconductor Products, Inc. 
Vickers Inc. 

Western Electric Co. 

Westinghouse Electric Corp. 


y haye begun supplying the indicated Previously registered diodes and rectifiers. 


*ING00A, 1N601, 1N601A, 1N602, 1N602A, 1N603, 1N603A. 1N604, IN604A; 
1N1101, 


1N605, 1NGO5A, 1N606, 1N606A, 1N1095, 1N1096, 
1N1102, 1N1103, 1N1104, 1N1105, 1N1763, 1N1764. 


1N1100, 


Silicon Transistor: 1N456, 1N457, 1N458, 1N459, 1N461, 1N462, 1N463, i 


1N464, 1N482, 1N482A, 1N482B, 1N483, 1N483A, 1N483B, 1N484, 1N484A, 
1N484B, 1N486, 1N486A, 1N487, 1N487A, 1N625, 1N626, 1N627, 1N628; 


1N629, 1N658 


Texas Instruments: 1N457, 1N458, 1N459, 1N461, 1N462, 1N463, 1N464, 


1N482B, 1N483B, 1N484B, 1N485B, 1N486B, 1N487B, 1N488B. 


MER, 
1, @E, @T | stator | 
at start 


of charts | 


(volts) (°C) 


100 1500 75A INRC 
100 1500 T5A INRC 
10 200 25A ACHE 
10 300 25A eke 
10 400 25A aE 
10 500 25A hip 
10 600 25A Ta 
10ma 50 2009 JUNE 
10ma 100 2007 TI 
10ma 200 2007 Tr 
10ma 300 2007 Avie 

5.0ma 400 2007 Ets 
5.0ma 500 2007 ME 
5.0ma 600 2007 HIE 
10ma 50 2007 YEAR 
10ma 100 2007 : 
10ma 200 2007 TI 
10ma 300 2007 eT 
5.0ma 400 2007 SME 
5.0ma 500 2007 FT 
5.0ma 600 2007 any 
100 600 100A INRC 
100 1000 100A INRC 
100 1500 100A INRC 
100 2000 100A INRC 


Manufacturers should 
be contacted for val- 
ue and test condition 
for surge current and 
maximum peak recur- 
rent current 


Under En 


A - at 125% 
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CONT. 
TYPE MAT | piv | WORK Current 
j VOLT.} @ 25°C 


I, @E, 
(mA) (volts) 


(volts) | (volts) 


~1N2377 af Si 2400 2400 150 9.0 
—1N2378 A, Si 3000 3000 150 9.0 
1N2379 1 Si 4000 4000 100 15 
1N2380 1 Si 6000 6000 100 22.5 
1N2381 1 Si 10K 10K 75 37.5 
3A305 5 Si 30 30 
3A605 5 Si 60 60 
~3A1005 5 Si 100 100 
~3A1505 5 Si 150 150 
3A2005 5 ope 200 200 
| AALIN1 a Si 50 35 Son -— Tet 
4A12N1 1 Si 100 70 SHA = Lett 
 4A13N1 af Si 150 105 SEA Lt 
- 4A14N1 1 Si 200 140 SEA) TF sL 
 4A15N1 u Si 250 175 BEA “aks 
- 4AL6N1 1 Si 300 210 Shay Lak 
- 4A17N1 1 Si 350 245 85A7 1.1 
- 4A18N1 1 Si 400 280 S6A. Let 
4A11N2 1 Si 50 35 SEA Lied 
| 4A12N2 1 Si 100 70 S5A led 
 4A13N2 1 Si 150 105 Sea, = 
| 4A14N2 1 Sz 200 140 35h, 1s 
| AA15N2 1 Si 250 175 SbAY Tad 
| 4ALGN2 1 Si 300 210 SpA). tS 
| 4A17N2 1 Si 350 245 S5A 12 
| 4A18N2 1 Si 400 280 S6A, eal 
4A11P1 1 Si 50 50 SEA: eal 
 4A12P1 1 Si 100 70 SSA, GE 
4A13P1 1 Si 150 105 SEA. ~ 1ca 
| AAL4P1 qi Si 200 140 gan Lid 
 4A15P1 1 Si 250 175 SBAT (cle! 
 4A16P1 1 Si 300 210 SoA fic 
| 4A17P1 1 Si 350 245 35A g beset 
4A18P1 1 Si 400 280 Sam © 12a 
4A11P2 1 Si 50 35 25a, 1.1 
4A12P2 1 St 100 70 35h ei 
4A13P2 1 Si 150 105 Sone ted 
4A14P2 1 Si 200 140 Hay Ce es Vaal 
4A15P2 1 Si 250 175 S5ihe ica 
AA1L6P2 4 Si 300 210 Sh 162! 
4A17P2 1 Si 350 245 yoy Ue dU k 
4A18P2 1 Si 400 280 SSA 125) 
6A11N1 1 Sai 50 35 DOR 2 
6A12N1 1 Si 100 70 open, alia 
6A13N1 1 Si 150 105 Dene mote d. 
6A14N1 1 Si 200 140 poke si 1 
6A15N1 ah Si 250 175 pon A 
6A16N1 Hf: Si 300 210 22A 5 WAG 
6A17N1 ZS Si 350 245 DO hee mie, 
6A18N1 af Si 400 280 EAN a beast 
6A11N2 1 Si 50 35 aN Nemes Pe | 
6A12N2 1 Si 100 70 22 he Ad 
6A13N2 a Si 150 105 737% Xs WE 
6A14N2 1 Si 200 140 ook 11 
6A15N2 1 Si 250 175 Zo he oi 
6A16N2 1 Si 300 210 2h Al 
6A17N2 1 Si 350 245 DOM tied 
6A18N2 1 Si 400 280 22A 5 hae 
6A11P1 1 Si 50 35 22A chee | 
6A12P1 1 Si 100 70 OO ie Lal 
6A13P1 1 Si 150 105 71. Nets Re Bl 
6A14P1 1 Si 200 140 22A te 
6A15P1 1 Si 250 175 22A akyal 
6A16P1 1 Si 300 210 21 Sa Keb 
6A17P1 it Si 350 245 De Kee cli 
6A18P1 1 Si 400 280 ApH Ne a Waa 
6A11P2 14 Si 50 35 Dene ly 
6A12P2 1 Si 100 70 22A Aig 
6A13P2 1 Si 150 105 p30 Nae Wee h 
6A14P2 1 Si 200 140 oe le A 
6A15P2 1 Si 250 175 Dp onwee od ed. 
6A16P2 1 Si 300 210 poke | dod 
6A17P2 a Si 350 245 V5 GS ea I | 
6A18P2 i Si 400 280 a ling 
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MAX. } Min. Forward | wax. p.c. 


OUTPUT @ 
CURRENT 


100A 
100A 
100A 
100A 
100A 
100C 
100C 
100C 
100C 
100C 


135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 


135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 


135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 


135¢ 


135C 
135C 


135C 
135C 


135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 


135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 


135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 
135C 


T 
(°C) 


(uA) 


(volts) 


(°C) 


| 


at start 
of charts 
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MAX. § Min. Forward Max. Rey. Current 
CONT. MAX. D.C. T MAX. 


OUTPUT @ FULL MER. 


at start } 
of charts | 


VOLT. 
DROP4 


(volts) (volts) (uA) (volts) (°C) 


CURRENT! ‘°C Loab eae [5 couienl 


0 50 70 1907 ib 572 30ma 50 1907 WEST 
ie ; an “a 100 70 1907 1b 372 30ma 100 1907 WEST 
300C 2 Si 150 150 70 1907 Lis2 30ma 150 1907 WEST 
300D 2 si 200 200 70 1907 1.2 30ma 200 1907 WEST 
300E 2 Si 250 250 70 1907 1.2 30ma 250 1907 WEST i 
300F 2 Si 300 300 70 1907 1.2 30ma 300 1907 WEST 
300G 2 Si 350 350 70 1907 1.2 30ma 350 1907 WEST 
300H 2 Si 400 400 70 1907 1.2 30ma 400 1907 WEST 
300K 2 Si 500 500 f 70 1907 aL Avs 30ma 500 1907 WEST 
3005 1 Si 50 35 1200 ilar? 20 150C aha) 10ma 50 150C SYN 
3010 il Si 100 70 1200 1.2 20 150C BAY 10ma 100 150C SYN 
3015 1 Si 150 105 1200 1.2 20 150C 15.0 10ma 150 150C SYN 
3020 1 Si 200 140 1200 1.2 20 150C 10 10ma 200 150C SYN 
3025 1 Si 250 175 1200 1.2 20 150C 1.0 10ma 250 150C SYN 
3030 Z Si 300 210 1200 1.2 20 150C 1.0 10ma 300 150C SYN 
3035 1 Si 350 245 1200 1.2 20 150C ie0 10ma 350 150C SYN 
3040 1 Si 400 280 1200 1.2 20 - 150C 1.0 10ma 400 150C SYN 
AA10 2 Si 100 100 2A 1.0 2.0 135C 50 10 100 25 VIC 
AA20 2 Si 200 200 2A 1.0 2.0 135C 50 10 100 25 VIC 
AA30 2 Si 300 300 2A 1.0 2.0 135C 50 10 100 25 VIC 
AA40 2 Si 400 400 2A 1.0 2.0 135C -50 10 100 25 VIC 
AA50 2 Si 500 500 2A 1.0 2.0 135C 50 10 100 25 VIC 
AA60 2 Si 600 600 2A 1.0 2.0 135C -50 10 100 25 Vic 
BA10 2 Si 100 100 8A 10 8.0 135C -50 10 100 25 VIC 
BA20 2 S1 200 200 8A 1.0 8.0 135C 50 10 100 25 VIC 
BA30 2 Si 300 300 8A 1.0 8.0 135C 50 10 100 25 VIC 
BA40 2 Si 400 400 8A 1.0 8.0 135C 50 10 100 25 VIC 
BA50 2 Si 500 500 8A 1.0 8.0 135C -50 10 100 25° VIC 
BA60 2 Si 600 600 8A 1.0 8.0 135C -50 10 100 25 Vic 
CA10 2 Si 100 100 12A 1.0 12 135C 50 10 100 25 VIC 
CA20 2 Si 200 200 12A 1.0 12 135C 50 10 100 25 VIC 
CA30 2 Si 300 300 12A 1.0 12 135C 50 10 100 25 VIC 
CA40 2 Si 400 400 12A 1.0 12 135C -50 10 100 25 VIC 
CA50 2 Si 500 500 12A i.0 12 135C -50 10 100 25 VIC 
CA60 2 Si 600 600 12A 1.0 12 135C 50 10 100 25 VIC 
CD1111 ak Si 35 250 1.0 5.0 35 150 CDC 
CD1112 1 Si 70 250 1.0 5.0 70 150 CDC 
CD1113 1 Si 130 250 1.0 5.0 130 150 CDC 
CD1114 al Si 180 250 1.0 5.0 225 150 CDC 
CD1115 af Si 225 250 1.0 5.0 300 150 CDC 
CD1116 1 Si 300 250 1.0 5.0 300 150 CDC 
HPR50 2 si 50 35 20 1.0 35 25A 1.0 1000 50 25A USS 
HPR100 2 si 100 70 20 1.0 35 25A Es0 1000 100 25A USS 
HPR200 2 Si 200 140 20 1.0 35 25A 0) 1000 200 25A USS 
HPR300 2 si 300 210 20 1.0 35 25A 1.0 1000 300 25A USS 
HPR400 2 Si 400 280 20 1.0 35 25A 1.0 1000 400 25A USS 
HPR500 2 Si 500 350 20 1.0 35 25A 50 1000 500 25A USS 
HPR600 2 Si 600 420 20 1.0 35 25A 1.0 1000 600 25A USS 
MR5 1,2,3 Si 50 50 3.0A 1.0 3.0A 150 20 50 25 TSC-6 
MR10 Wen iS pb 100 100 3.0A i.0 3.0A 150 20 100 25 TSC-6 
MR15 begs) iShl 150 150 3.0A 1.0 3.0A 150 - 
MR20 1,2,3 Si 200 200 3.0A 1.0 3.0A 150 ae = eee 
MR25 1,2,3 Si 250 250 3.0A 1.0 3.0A 150 20 250 25 TSC-6 
MR30 1,2,3 Si 300 300 3.0A 1.0 3.0A 150 20 300 25 TSC-6 
MR40 1,2,3 Si 400 400 3.0A 1.0 3.0A 150 20 400 25 TSC-6 
MR50 1,2,3 Si 500 500 3.0A 1.0 3.0A 150 20 500 25 TSC-6 
MR60 1,2,3 Si 600 600: 3.0A 10 3.0A 150 20 600 25 TSC-6 
MR70 1,2,3 Si 700 700 3.0A 1.0 3.0A 150 20 700 25 7 
MR80 1,2,3 Si ; TSC-6 

92,5 800 800 3.0A 1.0 3.0A 150 20 800 25 TSC-6 
MS5 Undine} {Spl 50 50 6.0A 1.0 3.0A 150 20 50 25 TSC-6 
NOTATIONS Other reas jay ag AL reading Manufacturers should 
Be rorhaltieaverecce eee OSLO DDL See be contacted for val- 
Under Use load Gverege orerthevele A — Ambient toe Puta adele lilns 
at Under Reverse Curren cai Herel 
3. Magnetic Amplifier vi Dynamic S — Storage 
4) Insulated Base A —Inlet Temperature of Coolant 
5. Controlled Rectifier wee Typeic: Under E, 
6. Available in stack form + —Revi Spans me ~ 11) 
from that manufacturer T —Revised Data A - at 125 C 
04 
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Min. Forward | wax. pc. MAX. | Max. Rey. Current 
Current 


ouTPpUT @ "| FULL 


VOLT. 
Ip @E, DROP# 


(volts) | (volts) J (mA) (volts) (amps) (volts) | (uA) (volts) (°C) 


at start 
of charts 


MAT | PIV @ 25°C |curRENT’ '©)| toap eae aaa) 


| MS10 12,91 S4 100 100 6.0A 1.0 3.0A 150 20 100 25 TSC-6 
MS15 TiQaS lu Si. 150 150 6.0A_ 1.0 3.0A 150 20 150 25 TSC-6 
' MS20 dss St 200 200 6.0A 1,0 3.0A 150 20 200 25 TSC-6 
 MS25 10,8 52 250 250 6.0A 1.0 3.0A 150 20 250 25 TSC-6 
MS30 a at Be 300 300 6.0A_ 1.0 3.0A 150 20 300 25 TSC-6 
MS40 12,9 St 400 400 6.0A 1.0 3.0A 150 20 400 25 TSC-6 
MS50 ee ee 500 500 6.0A 1.0 3.0A 150 20 500 25 TSC-6 
MS60 455859. 8 600 600 6.0A 1.0 3.0A 150 20 600 25 TSC-6 
MS70 1838) BL 700 700 6.0A 1.0 3.0A 150 20 700 25 TSC-6 
MS80 358 =52. 800 800 6.0A 1.0 3.0A 150 20 800 25 TSC-6 
MT5 1,253" Bi 50 50 13A-—"“1.0 3.0A 150 100 50 25 TSC-6 
MT10 cet ee Mais | 100 =6100 12A 1.0 3.0A 150 100 100 25 TSC-6 
MT15 12953) 452. 150 150 12A 4-0 3.0A 150 100 150 25 TSC-6 
MT20 ae ott, 200 200 12A 1.0 3.0A 150 100 206 25 TSC-6 
MT25 1.3.8 Si 250 250 12A 1.0 3.0A 150 100 250 25 TSC-6 
MT30 ¥, 253° 252 300 300 607 OL. 3.0A 150 100 300 25 TSC-6 
MT40 1,2,3 Si 400 400 SEAT © 456 3.0A 150 100 400 25 TSC-6 
MT50 553: Si 500 500 12A 1.0 3.0A 150 100 500 25 TSC-6 
MT60 ee Pe wees 600 600 12A 1.0 3.0A 150 100 600 25 TSC-6 
MT70 1,2,3 St 700 700 12A 1.0 3.0A 150 100 700 25 TSC-6 
MT80 ee SL 800 800 12A 1.0 3.0A 150 100 800 25 TSC-6 
OA31 2 Ge 85 TRA. 570 o6 45A -54 4000 85 75A MUL 
OA47 1 Ge 25 15 S10 hy MUL 
OA86 1 Ge 90 60 10 «325 MUL 
OA90 1 Ge 30 sia 1) 05 01 75A 1.5 1500 30 60A MUL 
0A200 1 Si 50 ave: es .05 125A 297 5.0 50 100A MUL 
OA202 1 Si 150 SIG c5e 03 125A 80 5.0 150 100A MUL 
0A210 2 Sa: 400 10.647 50 70A 1.05 45 400 125A MUL 
OA211 2 Si 800 10 =. 64 40 60A 1.0 15 700 125A MUL 
OA214 2 Si 700 10.647 50 7T0A 1.05 65 700 125A MUL 
S16 Uae Sk 400 400 500 1.2 50 80 -90 100 400 25 SCN 
$17 a St 200 200 500 1.2 -50 80 90 200 200 25 SCN 
S19 1,2. 51 400 400 300 1.2 30 80 1.5 1500 400 25 SCN 
S20 i3253. St 800 800 500 1.2 50 80 90 10 800 25 SCN 
$21 18,8. Si 30 30 750 1.2 275 80 .90 10 30 25 SCN 
$22 E368 Gh 50 50 500 1.2 50 80 90 10 50 25 SCN 
$23 cs st 600 600 500 1.2 50 80 90 100 600 25 SCN 
$24 1,2,3 Si 1000 1000 500 1.2 .50 80 90 10 1000 25 SCN 
$30 1°95 3. Si 600 600 7S ee Be | 75 80 90 1.0 600 25 SCN 
s91 1;2 —st 100 30 150 .90 15 55 .90 2700 100 55 SCN 
‘$92 hp Rice BE 200 65 100 =. 90 .10 55 .90 1900 200 55 SCN 
$93 170 St 300 100 75 90 .075 55 .90 1200 300 55 SCN 
TK21 2 Si 200 200 750 1.0 50 150A 300 200 150A TRA 
TK41 2 Si 400 400 750 1.0 50 150A 300 400 150A TRA 
TK61 2 Si 600 600 750 1.0 50 150A 300 600 150A TRA 
TM8 2 Si 50 50 6.04 151 6.0 150C 2.0ma 50 150C TRA 
TM18 2 Si 100 100 6.0A 1.1 6.0 150C 2.0ma 100 150C TRA 
TM28 2 Si 200 200 6.0A 1.1 6.0 150C 2.0ma 200 150C TRA 
TM38 2 Si 300 300 6.0A 1.1 6.0 150C 2.0ma 300 150C TRA 
TM48 2 Si 400 400 6.0A 1.1 6.0 150C 2.0ma 400 150C TRA 
TM5 8 2 Si 500 500 6.0A 1.1 6.0 150C 2.0ma 500 150C TRA 
TM68 2 Si 600 600 6.0A 1.1 6.0 150C 2.0ma 600 150C TRA 
TR53 2 Si 50 50 100A 1.5 35 150C 5.0ma 50 150C TRA 
TR103 2 Si 100 100 100A 1.5 35 150C 5.0ma 100 150C TRA 
TR153 2 Si 150 150 100A 1.5 35 150C 5.0ma 150 150C TRA 
TR203 2 Si 200 200 100A 1.5 35 150C 5.0ma 200 150C TRA 
TR253 2 Si 250 250 100A 1.5 35 150C 5.0ma 250 150C TRA 
TR303 2 Si 300 300 100A 1.5 35 150C 5.0ma 300 150C TRA 
TR353 2 Si 350 350 100A 1.5 35 150C 5.0ma 350 150C TRA 
TR403 2 Si 400 400 100A 1.5 35 150C 5.0ma 400 150C TRA 
X6F5 2 Si 50 50 6.0 50A 50 2.5ma(4)  100C INRC 
X6F10 2 Si 100 100 6.0 50A 50 2.5ma(4)  100C INRC 
X6F15 2 Si 150 150 6.0 50A 50 2.5ma(4)  100C INRC 
X6F20 2 Si 200 200 6.0 50A 50 2.5ma(4)  100C INRC 
X6F30 2 Si 300 300 6.0 50A ~—-. 50 2.5ma(4)  100C INRC 
X6F40 2 Si 400 400 6.0 50A 50 2.5ma(4)  100C INRC 
X6F50 2 Si 500 500 6.0 50A -50 2.5ma(4)  100C INRC 
X12F5 2 Si 50 50 12 30A 50 2.5ma(4)  100C INRC 
X12F10 3 Si 100 =100 12 30A 50 2.5ma(4)  100C INRC 
X12F15 2 Si 150 150 12 30A 50 2.5ma(4)  100C INRC 
X12F20 2 Si 200 200 12 30A 50 2.5ma(4)  100C INRC 
X2F30 2 Si 300 300 12 30A 50 2.5ma(4)  100C INRC 
“X12F40 2 St 400 400 12 30A 50 2.5ma(4)  100C INRC 
X12F50 2 Si 500 500 12 30A .50 2.5ma(4)  100C INRC 
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Semiconductor 
Lifetime 

Measuring 
Equipment 


MODEL 
LM-1 


Model LM-1 is a re- 
liable instrument for 
measuring Lifetimes 
as short as one mi- 
crosecond. It is so 
designed as to accom- 
modate large or small 
samples including cy- 
lindrical ingots. 


Semiconductor Lifetime Measuring Equipment consists of a spark 
gap type light source of 1 microsecend total duration and ade- 
quate intensity to inject the order of ten to the thirteenth power 
carriers per cubic centimeter. It is exceptionally useful in meas- 
uring minority carrier lifetime, drift mobility and photo-effects in 
semiconductors. The flash has a rise time of 0.3 microseconds and 
decays exponentially with a time constant of less than 0.5 micro- 
seconds. It flashes at a rate of 1 or 2 times per second when free 
running. Power requirements are 50 watts at 115 volts 60 cps. Has 
synch. output for triggering scope, battery supply and auxiliary 
measuring equipment. This permits the measurement of lifetime 
by observing the decay of the photo conductive current on the 
oscilloscope (as shown above). 


C) 
To demonstrate the effectiveness of the LM-1 Lifetime Tester, @ 
send us a sample of your semi-conductor material. Within : 
48 hours of receipt we will return sample and Photograph ®@ 
e 
e 
e 
e 


similar to above of its Photo conductive current decay. 
Cer rrccccccccccccceccceccccececceceee 
j OPERATING DATA 


1 microsecond 
6 megacycles 


Riting VoltageyMaxe schist 10 KV 

DischargeGapacitor a. eunee uel un | -02 Mfd. 

Lifetime Measurement Rangevnny.ac. a een Down to 1 microsecond 

CCUG CY eNO for bore Rent, PSR Below 40% between 1 & 
2 microseconds, 10% 

i above 2 microseconds 
Trigger SAchedayoVegek! eke l eelvaieishete- nein. tetseystapetere eters Positive 
Umagen’Amplitude: one oreo a te emda 40 V 

SAMPLE SIZE 


Accommodates samples between inch and 12 inches in length. 


POWER SUPPLY 
Rotingigitaeinttirenccctn o.« 
Power Consumption _ 
Fuse Protection .......... 


105-125 volts, 50-60 cycles 
50 watts 
1 ampere 


BATTERIES 
Uigeles (WS: 6.05 65 SU BEBO AA ee Ee ee 7.5 VDC 
MeOSUrInGuGInCUIT Maes Azmi hed cau Sey ee 3 22.5 VDC 


ELECTRO IMPULSE Laboratory | 


SHadyside 1-0404 


208 River Street @ Red Bank, N. J. e 


Circle No. 30 on Reader Service Card 
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Industry News 


Chicago Telephone Supply Corporation, Elkhart, 
Indiana has appointed International Resistance Company, 
Philadelphia, Penna., its sales agent for the CTS line of 
distributor military and industrial controls and replace- 
ment controls marketed through distributors. In addi- 
tion, IRC’s foreign licensees will be adding the manufac- 
ture of CTS variable resistors to their product lines. CTS 
has purchased and will operate IRC’s variable resistor 
manufacturing plant in Asheville, North Carolina. Service 
from the Asheville plant to all customers will continue 
without interruption. All variable resistor products of 
both companies will continue to be manufactured. The 
basis for the agreement lay in the fact that the two firms 
are essentially non-competitive and complement each 
other in many ways. IRC will utilize CTS’s manufactur- 
ing skill, techniques, know-how and facilities. CTS will 
utilize IRC’s marketing skill, techniques, know-how and 
facilities in distributor sales and foreign manufacturing. 


Factory sales of Transistors in February increased over 
January and were considerably over February 1958, ac- 
cording to the latest EIA report released recently. 
February sales of these semiconductor devices totaled 
5,393,377 valued at $14,550,056 compared with 5,195,317 
transistors valued at $13,626,886 sold in January and 
3,106,708 sold in February 1958 worth $6,806,562. Cumula- 
tive transistor sales totaled 10,588,694 valued at $28,176,942 
compared with 6,061,955 worth $13,510,945 sold during the 
like two-months period last year. 


Acquisition of a substantial interest in the newly- 
organized PAM Associates, Inc., Baltimore, formed for 
development and production of noise control, and shock 
and vibration test equipment, by Tenney Engineering, 
Inc., was announced by the two companies recently. PAM 
Associates, which is headed by former Martin Company 
engineers, . “will provide engineering resources that will 
supplement those of Tenney, particularly in the fields of 
shock- and vibration-testing, and noise suppression. The 
effect will be to further broaden and strengthen the 
Tenney organization in all important areas of environ- 
mental test equipment,” according to Saul S. Schiffman, 
chairman, and Monroe Seligman, president of Tenney. The 
officers of PAM Associates are: J. William Rice, Jr., presi- 
dent; Edward J. Kirchman, vice president engineering, 
and Avery L. Oven II, vice president research. 


The Third National Convention on Military Electronics, 
sponsored by the Professional Group on Military Elec- 
tronics, will be held June 29-July 1, 1959, at the Sheraton- 
Park Hotel, Washington, D. C. The technical program 
includes more than 100 papers covering these topics: 
missile guidance; radar techniques; operations research 
and tactics; data transmission and processing; space 
electronics; instrumentation, (two sessions); navigation, 
surveying and reconnaissance; communications (two 
sessions); space propulsion; missile electronics; radar 
systems and equipment; computers; components; space 
communication; detection and tracking; space guidance 
and tracking; simulation; navigation and reconnaissance; 
guidance; reliability. The Air Research and Development 


Command (ARDC) will sponsor 5 classified sessions dur- 
ing the Convention. 
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A new group of low-melting glass compositions with 
far-reaching implications in the manufacture of moisture- 
sensitive devices has recently been developed by Drs. 
S. S. Flaschen and A. D. Pearson of Bell Telephone 
‘Laboratories. Composed of varying proportions of sulfur 


_or selenium and the heavy metals arsenic and thallium, 


the glasses become very fluid at temperatures between 
125 and 350°C, a temperature range 300 to 400°C lower 
than any previously known low-melting glass. Coating of 


semiconducting devices with these low-melting glasses is 


under study. In experiments with silicon diodes, for ex- 
ample, excellent initial characteristics have been attained. 
In addition, improvements have been observed when such 
units were heated or operated. 


Westinghouse Electric Corporation has announced that 
agreements have been completed with the Dow Corning 
Corporation and Monsanto Chemical Company, licensing 
them to produce and sell ultrapure silicon. Both com- 
panies have been provided with patent rights and tech- 
nological information on the Siemens-Westinghouse 
process which makes it possible to manufacture ultra- 
pure silicon. The process originated with inventions and 
developments by the Siemens & Halske and Siemens- 
Schuckert Companies in Germany, and from supplemental 
contributions by scientists and engineers at the Westing- 
house Research Laboratories and semiconductor depart- 
ment. Westinghouse is producing pilot quantities of this 
silicon at the semiconductor department’s plant in Young- 


wood where the company manufactures its own semi- 


conductor devices using this material. 


A new solar battery for space vehicles, which uses a 


high-temperature compound called gallium arsenide to 
_ transform light into electricity, and a radio system using a 


new high-temperature diode of the same material, was 
demonstrated for the first time by RCA. The solar battery, 
developed under U. S. Army Signal Corps sponsorship by 
scientists of RCA Laboratories, was shown powering a 
miniature ratio transmitter of a model satellite which 
uses a new gallium arsenide “tunnel” diode. Development 
of the high-temperature diodes has taken place at RCA 
Laboratories under the sponsorship of the U. S. Air Force 
Electronic Components Laboratory, Wright Air Develop- 
ment Center at Dayton, Ohio. The battery and transmitter 
were exhibited by the RCA Semiconductor and Materials 
Division at the National Aeronautical Electronics Con- 
ference May 4, 5, and 6 in Dayton. 


In a move to provide better service for its industrial 
customers as well as the armed services, Raytheon Com- 
pany has transferred its Special Microwave Device Group 
to the company’s Industrial Apparatus Division. An inte- 
grated business with its own research, development, pro- 
duction, and sales staffs, the group started in the Research 
Division where it had been assigned while its products 
and techniques were being developed and were gaining 
acceptance. Dr. Howard Scharfman heads the group which 
is expected to number 75 by year’s end. Basing projec- 
tions on continued growth in present product areas with- 
out considering possible new additions to the line, Dr. 
Scharfman expects the group to grow to at least 125 by 
the end of next year and to double that by the end of 
1963. 


Palmer Associates Inc., 55 Hall Street, Brockton, Mass., 
has started in the business of manufacturing glass-to- 
metal seals. Some of the products they are producing are 
compression and matched seals, multiple headers, tran- 
sistor closures, crystal bases, single terminals, miniature 
seals, etc. The Technical Director is V. Palmeri. 
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Advanced concepts in solid state physics were featured 
by the Delco Radio Division in the General Motors exhibit 
at the first World Congress of Flight April 12-19 at Las 
Vegas. Delco Radio’s theme at the show was “Power 
through Solid State Physics.” Exhibits included a thermo- 
electric generator, a silicon solar cell array, a model 
circuit typifying a missile computer, a frequency divider, 
a static inverter, and power transistors. 


CBS-Hytron is changing its name to CBS Electronics, 
effective July 1, it was announced by Dr. Frank Stanton, 
president of Columbia Broadcasting System, Inc., at the 
recent annual meeting of CBS stockholders. Plans to 
build a $5 million semiconductor plant at Lowell, Massa- 
chusetts, to supplement its present one there were an- 
nounced. Construction of the new 160,000-square foot 
facility is under way and it will be completed early next 
year. 


Transistor components that meet unusually-stringent 
specifications and are custom-adapted to unorthodox 
metallurgical and production requirements are offered by 
Semi-Alloys, Inc., a newly-formed company at 550 South 
Fulton Avenue, Mount Vernon, New York. Norman 
Hascoe is president of the new manufacturing concern, 
and Gerald Gould is secretary-treasurer. Among its offer- 
ings, Semi-Alloys is prepared to supply spheres, pellets, 
and preforms. The firm will provide personal consultation 
on the metallurgical and production problems of its cus- 
tomers. 


OF 
AMERICA 


Since 1934 when the Indium Corporation was 
formed and produced the first commercial 
amounts of Indium, we have gained in knowl- 
edge and in service for all conceivable uses 
for Indium. Why not write us today ... our 
quarter-century of technical knowledge is at 
your service. 


Write to Dept. §-596 for Indium booklet: 
“INDALLOY” Intermediate Solders 


wan 


1934-1959 Picncers in the 


Development and Applications of Indium for Industry 


YEARS OF EXPERIENCE 


inTotU INA 
THE INDIUM CORPORATION OF AMERICA 


1676 Lincoln Avenue ® Utica, New York 
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New Coating Process 


Partial coating of base metals used as 
tabs in the manufacture of transistors has 
been achieved through a new process 


developed by Alpha Metals, Inc., pro- 
ducers of materials for semiconductors. 
Through this process the coating can be 


applied to one side of the base metal only, 
If desired, an overlay of a full coating, 
an edge coating, or a center coating can 
be applied. Another major advantage of 
this development is that a larger variety 
of alloys can be used. Typical of the 
metals and their alloys used for coating 
through this process are tin, tin-antimony, 
tin-gallium, lead, lead-antimony, tin- 
lead-gold, tin-lead-silver, indium, indium- 
gallium. These solder alloys can be placed 


on such materials as copper, nickel, kovar 
and rodar. 


“| 


@ DC shunt-wound, con- 
stant torque motor con- 
trolled by thyratron 
half-wave rectifier 

for infinitely variable 
traverse speeds. 
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© Top and bottom holders 
adjustable in both 
horizontal and vertical 
directions for easy 
material and seed cen- 
tering. 


ee 


© Handles quartz protec- 
tion tubes up 
to 35 mm diameter 


WOOO? PLLON 


I dca 


@ Separate controls can be 
pre-set for up travel 


and down travel speeds. Measuring Equipment 
@ Rugged, accurate con- Electro Impulse Laboratory Semicon- 
struction eliminates ductor Lifetime Measuring Equipment 


vibration and provides 


consists of a spark gap type light source 
smooth traversing. 


of 1 microsecond total duration and ade- 
quate intensity to inject the order often 
to the thirteenth power carriers per cubic 
centimeter. It is exceptionally useful in 
measuring minority carrier lifetime, drift 
mobility and photo-effects in semiconduc- 
tors. The flash has a rise time of 0.3 micro- 
seconds and decays exponentially with a 
time constant of less than 0.5 micro- 
seconds. It flashes at a rate of 1 to 2 times 
per second when free running. Power 
requirements are 65 watts at 115 volts 60 
cps. Has synch. output for triggering 
scope, battery supply and auxiliary meas- 
uring equipment. This permits the meas- 
urement of lifetime by observing the 
decay of the photo conductive current on 
the oscilloscope. Has DC light supply for 
radiating sample to fill traps. 
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ligh-Frequency Transistor 


Amperex OC 170 alloy-diffused high- 
jirequency germanium transistor. For ap- 
jlication as oscillator-mixer in short-wave 
veceivers and as IF. amplifier in F.M. 
eceivers. Cut-off frequency is 70 Mc/s. 
Sollector current, Ingo = 2 uA, collector 
freakdown voltage —V., = min. 20 volts, 
‘mitter breakdown voltage —Vz, = min. 
°.5 volts. 
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ircuit Packages 


Raytheon Circuit Packages are being 
used by many electronic equipment 
manufacturers to simplify equipment as- 
sembly, reduce production errors, and 
increase reliability. These compact as- 
semblies contain semiconductor devices 
and other components connected to pro- 
vide the desired circuit. Many different 
types of Circuit Packages are available 
including Bridge Rectifiers, Phase com- 
parators, Diode Switches, Amplifiers, and 
Flip-Flops. In addition, others can be 
designed to meet specific requirements. 
Circle 118 on Reader Service Card 


for maximum reliability 


PREVENT 
THERMAL 
RUNAWAY 


Prevent excessive heat from 
causing “‘thermal runaway” in 
power diodes by maintaining 
collector junction temperatures 
at, or below, levels recommended 
by manufacturers, through the 
use of new Birtcher Diode 
Radiators. Cooling by conduction, 
convection and radiation, 
Birtcher Diode Radiators are 
inexpensive and easy to instal] in 
new or existing equipment. 

To fit all popularly used 

power diodes. 


FOR CATALOG 


and 
test data write: 


with NEW 
BIRTCHER 


DIODE 
RADIATORS 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU- 
TORS. THEY ARE AVAILABLE ONLY FROM 
THE BIRTCHER CORPORATION AND THEIR 
SALES REPRESENTATIVES. 


THE BIRTCHER CORPORATION 


industrial division 
4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 
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56 TO 


s OR MINUS °- 


TADANAC | sRAND 


Ss 0. s 
cost sors fhe way you want it... 
when you want it! 


We are in quantity production of Indium and Indium Alloys 
as ingots, sheets, wire, ribbon, powder, discs, spheres and washers. 
Preforms like discs and spheres are produced in over 30 sizes with exacting tolerances. We are 
experienced in working to close specification and are prepared to preform and alloy indium 
to customer requirements. We cater particularly to the Electronics Industry, using only high 


Enquiries are invited regarding other high purity metals, particularly for semiconductor 
application. TADANAC BRAND Indium is available in the following grades: 


RESEARCH GRADE .... 20 single impurity in 
excess of 0.1 ppm and zine and 
tellurium each less than 0.01 ppm. 


THE CONSOLIDATED MINING AND SMELTING COMPANY 


HIGH PURITY... .99.999% In. (by diff.) 
STANDARD GRADE ... .99.97% In. 


COMINCO 


OF CANADA LIMITED 
Metal Sales Division: 215 St. James Street W., Montreal 1, Quebec, Canada — Phone AVenue 8-3103 
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Miniature Capacitors 


Sprague Electric Type 40D tubular 
aluminum electrolytic capacitors. Oper- 
ating temperature range: —40 C to +85 C. 
Designed for more than 10 years service 
life under typical operating conditions in 
actual circuit applications. Mechanical 
construction assures freedom from open 
circuits. Withstands exposure to high am- 
bient temperatures without leaking. Ultra- 
low leakage currents are accomplished 
through special design and processing 
techniques. For applications requiring an 
insulated case, Sprague furnishes both 
an outer insulation of flexible plastic for 
hand equipment assembly methods and a 
phenclic outer tube for machine insertion 
on printed wiring boards. 
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Multi-Unit Transistor 


A multi-unit transistor which makes 
possible battery-operated radio receivers 
having increased sensitivity and fewer 
component parts was exhibited by the 
RCA Semiconductor and Materials Divi- 
sion. Called a diode-triode transistor, the 
development type is a semiconductor 
device combining two different units in 
one metal case. It consists of an alloyed 
p-n junction (diode unit) for use as a 
detector, and an alloyed p-n-p junction 


CURRENT GOVERNOR 


Model CS 120 


" Constant Current 


© High Voltage Current Source 
© Peak Inverse Voltage Tester 
© Diode Life Test Unit 


ability 
y Pama ot 


For testing and measurement of 
diodes, transistors, rectifiers, ther- 
Mmistors, electrophoresis, other cur- 
rent sensitive devices. 


8 Current Range is 0.1ua to 10ma 
with 5 decade-digital in-line 
readout 

© Regulation 0.05% 

© 0-2250 volts 


In use by leading companies for diode PIV 
test, diode life test, dynamic impedance test. 
Literature describing this and other 


constant current sources from 0.1na to 
30 amp. may be obtained from 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, N.Y. Ploneer 7-0555 


y Excellent St 
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(triode unit) for use as an audio ampli- 
fier. The two units are constructed on 
one germanium pellet so that the n-type 
base region is common to both units. 
This construction provides direct con- 
nection between the diode unit and the 
triode unit and thus permits the use of 
a minimum number of circuit components. 
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Voltage Reference Packs 


International Rectifier complete, minia- 
turized voltage reference packs capable 
of maintaining voltage regulation to 
within +0.01% to replace standard cells 
or dry cell batteries in all equipment 
requiring stable voltage references. Espe- 
cially suitable for providing stable voltage 
references in digital voltmeters, regulated 
power supplies, potentiometric recording 
equipment, fire control systems, auto- 
pilots, and similar applications. Withstand 
environmental and temperature extremes, 
and are operable to +125°C. Each unit 
completely encapsulated in _ standard 
case, 


miniature MIL-T-27 transformer 
with glass hermetic headers. 
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Diffused Alloy Power Transistor 


Bendix Diffused-Alloy-Power (DAP) 
transistor, combining higher frequency 
and greater circuit stability with greater 
power. Power gain is five to ten times 
greater than that of a standard alloy type, 
a result of lower input resistance. Also 
results in less distortion and better circuit 
stability at high temperatures. The new 
transistor fabrication process enables the 
unit to increase switching speed and fre- 
quency response three to five times faster 
than the standard alloy types, and it can 
be developed to handle 1200 watts in a 
switching application. 
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Silicon Controlled Rectifier 

Atomic submarines, guided missiles, jet 
planes and TV theater lighting panels are 
expected to be among the first applica- 
tions for General Electric’s new high cur- 
rent silicon controlled rectifiers. Develop- 
ment samples available to equipment 
manufacturers prior to the start of com- 
mercial production later this year, have 
peak inverse voltage ratings of 25, 50, 75, 


100, 150 and 200-volts. Capable of handling; 
50-amperes at 125°C. stud temperatures : 
in a single phase circuit. Typical gate} 
current to fire the rectifiers is 15 mea 
at 1.5 volts. Typical turn-on time is 4. 
microseconds and turnloff time is 15- 
microseconds. The peak one-cycle surge 
current rating is 500-amperes. 
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High Purity Metals 


Consolidated Mining & Smelting Com- 
pany displayed a variety of high purity 
metals, including indium, lead, tin, zine, 
cadmium, bismuth, silver and antimony. 
These metals were shown in grades of 
99.99991-% purity and contain less than 
one part per million total impurities. . 
Shown are specimens of Tadanac Brand 
Special Research Grade indium, Tadanac : 
Brand Special Research Grade antimony, 
and Tadanac Brand indium antimonide. . 
The high purity indium is vacuum-sealed ! 
inside a fused quartz ampoule to protect ; 
it from contamination and it analyzes less : 
than 0.1 parts per million of any single - 
impurity of importance. 
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Ultra High Switching Transistor 


The Motorola Mesa transistor type 2N- 
695 is a germanium P-N-P diffused junc- 
tion transistor designed primarily for 
reliable operation in ultra high speed 
switching applications. Its structure pro- 
vides the versatility required for depend- 
able performance in a wide variety of 
computer pulse and switching circuits 
(both saturating and non-saturating). The 
internal design and hermetically sealed 
package enable it to meet or exceed the 
mechanical and environmental require- 
ments of military specification MIL-T- 
19500A. The high maximum junction. 
temperature of 100°C permits this Ger- 
Manium transistor to be reliably operated 
in applications where Germanium trans- 
istors have not been previously con- 
sidered. 
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lass Coating 


aHigh-purity low-melting glass for coat- 
Ng electronic devices. Available from 
faker & Adamson, General Chemical 
, Allied Chemical Corp. Ideal coating 
br protecting germanium and _ silicon 
ansistors and diodes from atmospheric 
kkidation, contamination and humidity. 
jjoating may be accomplished by dipping 
evices in a fluid bath of the glass, with- 
awing and cooling; or through the use 
a preform (compressed powder). 


W Circle No. 
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arda Ultrasonic 
Nashing Machine 


For cleaning and de-greasing small 
lectronic and electromechanical parts. 
Viodel MC3000 Redstone Son Blaster has 
stainless steel cabinet and plumbing. 
ses solvents or tap water. Re-circula- 
tion system has pump, filter and thermo- 
tatically controlled 1 KW heater. Power 
drain and liquid level control. Ultrasonic 
‘leaning compartment is 14” x 10” x 9”. 
Dperates on 117 volt 50/60 cycles; 11.0 
ups. Generator output is 300 W aver- 
age, 600 W peak, 40 KC. 
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Transistor Test Instrument 


Newest development in Baird-Atomic’s 
test line, the MW-1 Curve Tracer is de- 
‘signed to display families of characteristic 
‘curves for PNP and NPN transistors in 
‘either common base or common emitter 
configurations. Input and/or output cur- 
rent or voltage may be selected as com- 
ponents of the curves displayed. Displays 
for either configuration are switch- 
selected and displays may be reversed or 
inverted. Draws maximum of 325 watts; 


There are broad areas for you to make 
personal contributions to Sylvania’s 
continuing technical leadership in 
semiconductors —and thereby materi- 
ally accelerate your professional ad- 
vancement. You will combine bold 
exploratory work for the military with 
vital developments for the stable and 
growing commercial market. Look into 
the immediate openings listed at 
the right. 


Please send your resume 
in confidence to Mr. Joseph Reilly 


SEMICONDUCTOR DIVISION 


¥ SYLVANIA 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 


100 Sylvan Road — Woburn, a 


You can realize all your career potentialities... 


Your INITIATIVE — 

CREATIVITY = TECHNICAL KNOWLEDGE = 
with SYLVANIA'S 

SEMICONDUCTOR DIVISION 


in suburban Boston 


SEMICONDUCTOR DEVICE ENGINEERS 
Experienced in D&D or production 
engineering, transistors, silicon devices, 
crystal diodes or rectifiers. 


TEST ENGINEERS 
Coordinate electronic equipment projects — 
including development subcontracting, 
electrical design & procurement of parts for 
equipment for manufacture and testing of 
transistors & diodes. Some travel involved. 


QUALITY CONTROL ENGINEERS 
Responsible for operation in final quality 
sampling department (commercial product), 
government inspection and customer return 
analysis & processing. BS/EE or Physics 
with heavy electronics background. Some 
semiconductor, other electronic component 
testing experience and supervisory 
experience desirable. Will consider less 
experienced recent graduate with 
good potential. 


LAB & PRODUCTION TOOL 


MICROPOSITIONER 


Blowers 


serving 
Saati anic 
industry 


Assembly with 


half inch rpyenant in three planes 
to tenths accuracy 


FEATURING 


Silky smooth e Backlash free action e Simple spring loaded 
ball and V ways e No special adjustments or fancy gibs @ 
Cannot be damaged by overloads e Superlative dimensional 
stability e Also maker of automation equipment 


For further information write 


K&S Mfg. Co. 


1234 Callowhill St. 


Phila. 23, Pa. 
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RCA 


CREATES A 


GOLDEN 
OPPORTUNITY 


FOR SCIENTISTS 
ENGINEERS 


Inquiries are invited for key 
openings at RCA’s new, ultra- 
modern Semiconductor and Ma- 
terial headquarters in suburban 
Somerville, New Jersey (just 35 
miles from New York City), from 
individuals with degrees in... 


PHYSICAL CHEMISTRY +« METAL- 
LURGY +« PHYSICS « CERAMICS e« 
MECHANICAL AND ELECTRONIC EN- 
GINEERING ¢e CHEMICAL ENGINEER- 
ING AND INORGANIC CHEMISTRY 


RCA-Somerville is headquarters 
for major research and develop- 
ment work on: 


SEMICONDUCTORS 


Diodes « Transistors ¢ Silicon Rectifiers 
Thyristors 


MICROMODULES 


Subminiature Packaged Circuitry-Micro 
Elements e Resistors e Capacitors 
Inductors e Transistors 


ELECTRONIC MATERIALS 


Thermoelectrics « Ferroelectrics 
Dielectrics ¢ Primary Energy Sources 


PHONE OR WRITE 
MR. J. B. DALY 
RAndolph 5-4500 


RADIO CORPORATION 
OF AMERICA 
Semiconductor and Maierials 
Division 
Somerville, New Jersey 


SS a en ey 
62 


operates on 100-130 volts, 60 cycles AC. 
Compact cabinet design; approx. 80 lbs. 
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Voltage Regulating Diode 


U. S. Semecor’s Axial Lead Voltage 
Regulating Diode for use in computers 
measuring instruments and controls. Com- 
bines single diffused silicon junction 
advantages with newly developed triple 
wafer sandwiching method. Provides 
matched coefficients of expansion of lead 
wire and diode case, prohibits separation 
even under extreme shock. Results in 
.0005% per °C temperature coefficient over 
an operating range of —55°C to +185°C, 
.290” long x .250” O.D. package size. Rated 
at 9.0 to 9.8 volts at 10 millilamps, Z, = 15 
ohms. Non-position sensitive for most 
compact placement. 
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Diode Tester 

Teletronics Laboratory Model DT-257 
Diode Tester is a quality instrument for 
measuring the static characteristics of 
germanium, and low-power selenium, 
diodes. Separate forward and _ reverse 
power supplies have continuously vari- 
able outputs or pre-set regulated reverse 
potentials permit complete measurements 
or checks at selected operating points, 
The arrangement of controls and con- 
nectors and the circuits employed provide 
accurate results with a minimum of oper- 
ations. Featuring: Pre-set Regulated Re- 
verse Voltages, -10, -50, -100, 0-150 Volts 
at 5 ma., Forward Current to 500 ma. at 


1.0 V., Reversed or Shorted Diode Indi-. 
cation, Internal Meter Overload Protec-. 


tion, Text Fixture Allows Buick Connec- 
tion, Provision for Accessory Diode 


Heater. Shown rack-mounted with Model : 


MA-259 Millimicroammeter. 
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Silicon Power Rectifiers 


Fansteel (1N Series) Silicon Rectifiers 
designed to provide a d-c source for all 
types of power applications requiring a 
high degree of reliability in ambient 
temperatures up to 165°C; are unaffected 
by storage temperatures from —65°C to 


200°C. With exceptional shock and vibra- ; 
they are hermetically 
sealed, can be mounted in any position 3 


tion resistance, 


and can be supplied with the stud as 

either the positive or negative terminal 

with or without flexible leads . 
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High Power 4-Layer Diode 


A higher power 4-layer diode designated 
as Type AD exhibited by the Shockley 
Transistor Corporation. This self-actuated 


silicon switch is turned on by a voltage © 


pulse, turned off by dropping the current 
or reversing the voltage. To match circuit 
requirements, it is available with switch- 
ing voltages of 30, 40, and 50 and 200 volts 
and holding currents of 5 to 45 ma. 
Capable of handling 300 ma steady d.c. 
or 20-ampere pulse current. A string of 
four in series will switch 800 volts, re- 
sulting in peak power of 16kw, allowing 
use in magnetron pulsing, radar beacons 
and other modulator applications. 
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Silicon Zener Regulator Diodes 


Exhibited by the ITT Components 
Division of International Telephone and 
Telegraph Corporation. Available in four 
nominal basic power ratings: Series B, 
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-§50 milliwatts; Series T, 1 watt; Series G, 
/3.5 watts; and Series K, 10 watts; the first 
wo in an axial pigtail top hat package 
fand the higher power devices in 10-32 
s ud-mounted cases. Zener breakdown 
| ‘voltage ranges cover from 3.6 volts to 
130 volts in each power rating, making the 
jdevices suitable for wide use in the de- 
ssign of automatic machinery, aircraft and 
j missiles, computers, communication 
Fequipment and many other kinds of 
Andustrial and military equipment. 
} 
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Tektronix Oscilloscope 


| Type 581 is a general-purpose oscillo- 
‘scope with excellent transient response 
band high-speed sweeps. Risetime is 3.5 
usec and sweep time is calibrated to 
0.01 usec/mc. Passband is de to approxi- 
*mately 100 mc. The vertical deflection sys- 
*#tem is designed for plug-in preamplifiers. 
A low-capacitance probe is an integral 
part of the Type 80 Plug-In Preamplifier, 
iwhich provides a calibrated deflection 
‘factor of 0.1 v/cm. Sufficient signal delay 
is included in the main vertical amplifier 
to permit displaying the leading edge 
of the wave-form under observation. 
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Special Vacuum Equipment 


Specially designed equipment for out- 
gassing and sealing of semiconductor com- 
ponents under vacuum demonstrated by 
F. J. Stokes Corp. Also exhibited series 
of small compound high vacuum pumps, 
in the 2 to 3 cfm. range, which are suit- 
able for a number of electronic manufac- 
turing and testing operations, such as 
small vacuum-impregnation systems for 
capacitors, transformers, and the like; 
small vacuum-metallizing units; and 
evacuating environmental testing cham- 
bers. 
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WANTED: 

Sales Manager and Chief Engineer to 
head engineering department for transis- 
tor manufacturer in entertainment prod- 
ucts. Write box 610, 300 W. 43rd St., N.Y.C. 
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SAVE MONEY 


Subscribe to SEMICONDUCTOR PRODUCTS 


Buy Group Subscriptions! 


When 5 or more individual one year subscriptions are purchased and pre- 


paid at one time a substantial savings results. On this basis each subscriber 
pays only $5.00 for a 12 issue subscription instead of $6.00. 


When 5 or more individuals each purchase 2 year subscriptions, each sub- 


scriber saves $2.00 by paying $8.00 per subscription instead of $10.00. 
(Present subscribers may extend their subscription and still use the scale 
shown above). Under the Group Subscription Plan each subscriber’s order 
must be filled out completely. Sign up a Group. 


() 1 year subscription 
[] 2 year subscription 
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0-100 V de, 0-100 ma, General Electric Co., 
$129.00 unmetered) Semiconductor Div. ........... 20 

General Plate Products, 
A MANUFACTURER required three different regulated voltages. Div. of Texas Instruments Inc. 21 
The voltages, which were to be used alternately, could be furnished by three 

separate power supplies or by a single power supply and a voltage divider. Hughes Aircraft Co., 

But, three power supplies were expensive. On the other hand, a voltage Semiconductor Div. .......... 5 


divider meant a loss of power and regulation plus the expense of high- 
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mable Power Supply. An exclusive programming feature permits changing ay a inte sata: 
output voltage by shunting two terminals with a resistor. For each 1000 es mamaria aes 
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Crystals are gas or vacuum grown by 
a modified Czochralski technique. 


Let Knapic 
grow your 
crystals 


SILICON AND GERMANIUM MONOCRYSTALS 


Major manufacturers of semiconductor devices have found that Knapic 
Electro-Physics, Inc. can provide production quantities of highest quality sili- 
Solar Cell and con and germanium monocrystals far quicker, more economically, and to 
much tighter specifications than they can produce themselves. Knapic Electro- 
Physics has specialized in the custom growing of silicon and germanium 
monocrystals. We have extensive experience in the growing of new materials 
to specification. Why not let us grow your crystals too? 

Knapic monocrystalline silicon and germanium is available in evaluation 
and production quantities in all five of the following general grade categories 
—Zener, solar cell, transistor, diode and rectifier, and high voltage rectifier. 


For Semiconductor, 


Infrared Devices 


SPECIFICATIONS -Check These Advantages 


Extremely low dislocation densities. 


Tight horizontal and vertical resistivity tolerances. Resistivities available in controlled ranges 
.005 to 1000 ohm cm., N and P type. 
Diameters from .10” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10” 


Low Oxygen content | x 10'” per cc., 1 x 10'® for special Knapic small diameter material. 


Lifetimes: 1 to 15 ohm cm.— over 50 microseconds; 15 to 100 ohm cm.— over 100 microseconds; 
100 to 1000 ohm cm.— over 300 microseconds. Special Knapic small diameter material over 
1000 microseconds. 


| Doping subject to customer specification, usually boron for P type, phosphorus for N type. 
= 


Specification Sheets Available 


i I 

| 
Infrared Domes and Lenses 
LARGE DIAMETER Individual silicon ingots for lens use to 10” diameter I 
; : : a StP SILICON INGOTS and hollow grown domes to 8” diameter are now | 
Dislocation density, Knapic silicon mono- AND DOMES FOR available in production and evaluation quantities. | 
rystals, Crystal diameter 1/10" to 3/8"— | INFRARED LENSES Diameters up to 19” will be available in the near | 
- 3/8" to 3/4"—less than 10 per | future. Transmission characteristics — minimum 52%, | 
, 3/4" to 1-1/4"—less than 100 per sq. | coated 97% in ranges between 1 to 15 microns, | 
, 1-1/2" to 2" less than 1000 per sq. cm. en nS 5t ee Se ay 5 a a ee ee ee ee ed 


Quotations will be prepared on request for production orders, 
for semiconductor materials not falling within the listed cate- 
gories, or for those requiring additional experimental work. 


Knapic Electro-Physics, Inc. 


936-938 Industrial Avenue, Palo Alto, California Phone: DAvenport 1-5544 
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Other popular 
SPRAGUE transistors ; 


2N128 


SB MIL GENERAL PURPOSE 
(MIL-T-12679A) 


2 x actuol size 


2N240/SB5122 \, 
FOR COMPUTER * 
SWITCHING 


HIGH-SPEED, HIGH-GAIN 
MICRO-ALLOY TRANSISTORS | “Gp 
for modern computer circuitry | “=: 


Types 2N393 and 2N1122 Micro-Alloy Transistors combine high gain 
with excellent high frequency response to meet demands of high-speed 
computer switching applications in the megacycle range. Low saturation 
resistance, low hole storage, and exceptionally good life characteristics 
make these micro-alloy transistors top performers in general high fre- 


»plicati d computer circuits. 2N345/SB102 
quency applications and compute s Regen 


AMPUFIERS 


Made by electrochemical manufacturing techniques, 
Sprague Micro-Alloy Transistors are uniformly reli- 
able, as well as reasonably priced for transistors with 
such excellent operating parameters. 

All Sprague transistors—micro-alloy, micro-alloy 
diffused base, and surface barrier types—are now pro- 
duced in Sprague’s completely new spotless semi- 
conductor facility. 2N246/SB103 

For engineering data sheets on the types in which ee 
you are interested, write Technical Literature Section, 

Sprague Electric Company, 467 Marshall Street, 
North Adams, Massachusetts. 


gS Sprague micro-alloy, micro-alloy diffused base, and surface barrier transistors are 
fully licensed under Philco patents, All Sprague and Philco transistors having the 
same type numbers are manufactured to the same Specifications and are fully 


interchangeable. You have two sources of supply when you use micro-alloy and 2N501 


surface barrier transistors! MAOT FOR URS GCE 
SPEED SWITCHING 


SPRAGUE COMPONENTS: ®) 
TRANSISTORS e RESISTORS ® MAGNETIC COMPONENTS e 
CAPACITORS e INTERFERENCE FILTERS e PULSE NETWORKS 


e HIGH TEMPERATURE MAGNET WIRE e CERAMIC-BASE THE MARK OF RELIABILITY 


PRINTED NETWORKS e PACKAGED COMPONENT ASSEMBLIES 


Circle No, 3 on Reader Service Card 


